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BIS-SULFONAMIDE 
HYDROXYETHYLAMINO RETROVIRAL 

PROTEASE INHIBITORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. patent applica 
tion Ser. No. 10/417,340, ?led Apr. 17, 2003, now US. Pat. 
No. 7,091,219, Which is a continuation of US. patent 
application Ser. No. 10/076,607, ?led Feb. 19, 2002, now 
US. Pat. No. 6,569,882, Which is a continuation of US. 
patent application Ser. No. 09/635,896 ?led on Aug. 11, 
2000, now US. Pat. No. 6,384,036, Which is a continuation 
ofU.S. patent application Ser. No. 08/875,025, ?led Feb. 26, 
1998, now US. Pat. No. 6,143,747, Which is the US. 
national phase of International Application No. PCT/US96/ 
00607, ?led Jan. 18, 1996, Which is a continuation-in-part 
application of US. patent application Ser. No. 08/376,337, 
?led Jan. 20, 1995, noW abandoned. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to retroviral protease inhibi 

tors and, more particularly, relates to novel compounds and 
a composition and method for inhibiting retroviral proteases. 
This invention, in particular, relates to bis-sulfonamide 
containing hydroxyethylamine protease inhibitor com 
pounds, a composition and method for inhibiting retroviral 
proteases such as human immunode?ciency virus (HIV) 
protease and for treating a retroviral infection, e.g., an HIV 
infection. The subject invention also relates to processes for 
making such compounds as Well as to intermediates useful 
in such processes. 

2. Related Art 
During the replication cycle of retroviruses, gag and 

gag-pol gene transcription products are translated as pro 
teins. These proteins are subsequently processed by a virally 
encoded protease (or proteinase) to yield viral enzymes and 
structural proteins of the virus core. Most commonly, the gag 
precursor proteins are processed into the core proteins and 
the pol precursor proteins are processed into the viral 
enzymes, e.g., reverse transcriptase and retroviral protease. 
It has been shoWn that correct processing of the precursor 
proteins by the retroviral protease is necessary for assembly 
of infectious virons. For example, it has been shoWn that 
frameshift mutations in the protease region of the pol gene 
of HIV prevents processing of the gag precursor protein. It 
has also been shoWn through site-directed mutagenesis of an 
aspartic acid residue in the HIV protease active site that 
processing of the gag precursor protein is prevented. Thus, 
attempts have been made to inhibit viral replication by 
inhibiting the action of retroviral proteases. 

Retroviral protease inhibition typically involves a transi 
tion-state mimetic Whereby the retroviral protease is 
exposed to a mimetic compound Which binds (typically in a 
reversible manner) to the enzyme in competition With the 
gag and gag-pol proteins to thereby inhibit speci?c process 
ing of structural proteins and the release of retroviral pro 
tease itself. In this manner, retroviral replication proteases 
can be effectively inhibited. 

Several classes of compounds have been proposed, par 
ticularly for inhibition of proteases, such as for inhibition of 
HIV protease. Such compounds include hydroxyethylamine 
isosteres and reduced amide isosteres. See, for example, EP 
O 346 847; EP O 342,541; Roberts et al, “Rational Design 
of Peptide-Based Proteinase Inhibitors, “Science, 248, 358 
(1990); and Erickson et al, “Design Activity, and 2.8 A 
Crystal Structure of a C2 Symmetric Inhibitor Complexed to 
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2 
HIV-1 Protease,” Science, 249, 527 (1990). Sulfonamide 
containing, aminosulfonamide-containing and urea-contain 
ing hydroxyethylamine compounds and intermediates useful 
as retroviral protease inhibitors have been disclosed in 
WO94/05639, WO94/10136, WO94/10134, WO94/04493, 
WO94/04492, WO 93/23368, and WO93/23379. 

Several classes of compounds are knoWn to be useful as 
inhibitors of the proteolytic enzyme renin. See, for example, 
US. Pat. No. 4,599,198; U.K. 2,184,730; G.B. 2,209,752; 
EP O 264 795; GB. 2,200,115 and US. SIR H725. Ofthese, 
G.B. 2,200,115, GB 2,209,752, EP O 264,795, US. SIR 
H725 and US. Pat. No. 4,599,198 disclose urea-containing 
hydroxyethylamine renin inhibitors. EP 468 641 discloses 
renin inhibitors and intermediates for the preparation of the 
inhibitors, Which include sulfonamide-containing hydroxy 
ethylamine compounds, such as 3-(t-butoxycarbonyl)amino 
cyclohexyl-1-(phenylsulfonyl)amino-2(5)-butanol. G.B. 
2,200,115 also discloses sulfamoyl-containing hydroxyethy 
lamine renin inhibitors, and EP 0264 795 discloses certain 
sulfonamide-containing hydroxyethylamine renin inhibi 
tors. HoWever, it is knoWn that, although renin and HIV 
proteases are both classi?ed as aspar‘tyl proteases, com 
pounds Which are effective renin inhibitors generally cannot 
be predicted to be effective HIV protease inhibitors. 

BRIEF DESCRIPTION OF THE INVENTION 

The present invention is directed to virus inhibiting com 
pounds and compositions. More particularly, the present 
invention is directed to retroviral protease inhibiting com 
pounds and compositions, to a method of inhibiting retro 
viral proteases, to processes for preparing the compounds 
and to intermediates useful in such processes. The subject 
compounds are characterized as bis-sulfonamide-containing 
hydroxyethylamine inhibitor compounds. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In accordance With the present invention, there is pro 
vided a retroviral protease inhibiting compound of the 
formula: 

(1) 
(Oh 

/ N s 

s r N III R4 

OH R3 

or a pharmaceutically acceptable salt, prodrug or ester 
thereof, wherein 

R1 represents hydrogen, 4CH2SO2NH2, 4CH2CO2CH3, 
%O2CH3, %ONH2, %H2C(O)NHCH3, %(CH3)2 
(SH), *C(CH3)2($CH3), *C<CH3)2(S[O1CH3), 
4C(CH3)2(S[O]2CH3), alkyl, haloalkyl, alkenyl, alkynyl 
cycloalkyl, cycloalkvlalkyl, heterocyclo, heterocycloalkyl, 
aminosulfonylalkyl, N-alkylaminosulfonylalkyl, N,N-di 
alkylaminosulfonylalkyl, aryl, aralkyl, heteroaryl or het 
eroaralkyl radicals, an amino acid side chain of asparagine, 
lysine, aspartic acid, aspartic acid methyl ester, methionine 
or the sulfoxide (SO) or sulfone (SO2) derivatives thereof, 
S-methyl cysteine or the sulfoxide (SO) or sulfone (SO2) 
derivatives thereof, isoleucine, allo-isoleucine, alanine, leu 
cine, tert-leucine, phenylalanine, ornithine, histidine, nor 
leucine, glutamine, threonine, allo-threonine, serine, O-alkyl 
serine, beta-cyano alanine or valine; 
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R2 represents alkyl, aryl, cycloalkyl, cycloalkylalkyl, 
aralkyl, heteroaryl or heteroaralkyl radicals, Which radicals 
are optionally substituted With one or more alkyl, halogen, 
iNOZ, 4CN, ‘C133, iORg or iSR9 radicals, Wherein R9 
represents hydrogen, alkyl, aryl, heteroaryl, cycloalkyl or 
heterocyclo radicals; 

R3 represents hydrogen, alkyl, haloalkyl, alkenyl, alkynyl, 
hydroxyalkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, het 
erocyclo, heteroaryl, heterocycloalkyl, aryl, aralkyl, het 
eroaralkyl, thioalkyl, alkylthioalkyl or arylthioalkyl radicals 
or the corresponding sulfone or sulfoxide derivatives 
thereof, aminoalkyl or N-mono- or N,N-disubstituted ami 
noalkyl radicals, Wherein said substituents are alkyl, aryl, 
aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, het 
eroaralkyl, heterocyclo, or heterocycloalkyl radicals; 

R4 represents alkyl, haloalkyl, alkenyl, alkynyl, hydroxy 
alkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclo, 
heteroaryl, heterocycloalkyl, arvl, aralkyl, aralkenyl, het 
eroaralkyl, alkoxycarbonylaminoheteroaryl, thioalkyl, alky 
lthioalkyl or arylthioalkyl radicals or the corresponding 
sulfone or sulfoxide derivatives thereof, aminoalkyl or 
N-mono- or N,N-disubstituted aminoalkyl radicals, Wherein 
said substituents are alkyl, aryl, aralkyl, cycloalkyl, 
cycloalkylalkyl, heteroaryl, heteroaralkyl, heterocyclo, or 
heterocycloalkyl radicals, thioalkyl, alkylthioalkyl or arylth 
ioalkyl radicals or the corresponding sulfone or sulfoxide 
derivatives thereof; 

R6 represents hydrogen or alkyl radicals; 

each R7 independently represents carboxy, amidino or 
N-alkylamidino radicals, or radicals as de?ned for R1; or R7 
together with R1 and the carbon atoms to which R1 and R7 
are attached, represent cycloalkyl or heterocyclo radicals; 

each R8 independently represents hydrogen or alkyl radicals; 

R10 and R11 each independently represent hydrogen, alkyl, 
hydroxyalkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, het 
erocyclo, heterocycloalkyl, aryl, aralkyl, heteroaryl, het 
eroaralkyl, heteroarylcarbonylalkyl, arylcarbonylalkyl, thio 
alkyl, alkylthioalkyl or arylthioalkyl radicals or the 
corresponding sulfone or sulfoxide derivatives thereof, ami 
noalkyl or N-mono- or N,N-disubstituted aminoalkyl radi 
cals, Wherein said substituents are alkyl, aryl, aralkyl, 
cycloalkyl, cycloalkylalkyl, heteroaryl, heteroaralkyl, het 
erocyclo or heterocycloalkyl radicals; or R10 and R11 
together With the nitrogen to Which they are attached rep 
resent heterocyclo, heteroaryl, aralkylheteroaryl, aralkylhet 
erocyclo, heteroaralkylheteroaryl or heteroaralkylheterocy 
clo radicals; 

X and W each represent 0, l or 2; 

t represents 0-6; and 

Y represents 0, S or NH 
A family of compounds of particular interest Within 

Formula I are compounds embraced by Formula II: 

(II) 
R11 R7 R8 Y R2 O 0 

It V 
R10/ \s t N N/ \R4 

//\\ | | 
O 0 R1 R6 OH R3 
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4 
wherein 

R1 represents hydrogen, 4CH2SO2NH2, 4CH2CO2CH3, 
%O2CH3, %ONH2, %H2C(O)NHCH3, %(CH3)2 
(SH), *C(CH3)2<SCH3), *C<CH3)2(S[O1CH3), 
4C(CH3)2(S[O]2CH3), alkyl, haloalkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkylalkyl, aminosulfonylalkyl, N-alky 
laminosulfonylalkyl, N,N-dialkylaminosulfonylalkyl or het 
eroaralkyl radicals, or an amino acid side chain of aspar 
agine, lysine, aspartic acid, aspartic acid methyl ester, 
methionine or the sulfoxide (S0) or sulfone (S02) deriva 
tives thereof, S-methyl cysteine or the sulfoxide (S0) or 
sulfone (S02) derivatives thereof, omithine, leucine, isoleu 
cine, norleucine, allo-isoleucine, alanine, phenylalanine, 
histidine, tert-leucine, glutamine, threonine, allo-threonine, 
serine, O-alkyl serine, beta-cyano alanine or valine; 

R2 represents alkyl, cycloalkyl, cycloalkylalkyl, aryl, 
aralkyl, heteroaryl or heteroaralkyl radicals, Which radicals 
are optionally substituted With one or more alkyl, halogen, 
iNOZ, 4CN, ‘C133, iORg or iSR9 radials, Wherein R9 
represents hydrogen, alkyl, aryl, heteroaryl, cycloalkyl or 
heterocyclo radicals; 
R3 represents hydroqen, alkyl, alkenyl, alkynyl, haloalkyl, 
hydroxyalkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, het 
erocyclo, heterocycloalkyl, aryl, aralkyl, heteroaryl, het 
eroaralkyl, thioalkyl, alkylthioalkyl or arylthioalkyl radicals 
or the corresponding sulfone or sulfoxide derivatives 
thereof, aminoalkyl or N-mono- or N,N-disubstituted ami 
noalkyl radicals, Wherein said substituents are alkyl, aryl, 
aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, het 
eroaralkyl, heterocyclo or heterocycloalkyl radicals; 

R4 represents alkyl, alkenyl, alkynyl, haloalkyl, hydroxy 
alkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclo, 
heterocycloalkyl, heteroaryl, heteroaralkyl, alkoxycarbony 
laminoheteroaryl, aryl, aralkyl, aralkenyl, thioalkyl, alkylth 
ioalkyl or arylthioalkyl radicals or the corresponding sulfone 
or sulfoxide derivatives thereof, aminoalkyl or N-mono- or 
N,N-disubstituted aminoalkyl radicals, Wherein said sub 
stituents are alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, 
heteroaryl, heteroaralkyl, heterocyclo or heterocycloalkyl 
radicals, thioalkyl, alkylthioalkyl or arylthioalkyl radicals or 
the corresponding sulfone or sulfoxide derivatives thereof; 

R6 represents hydrogen or alkyl radicals; 

each R7 independently represents hydrogen, 
%H2SO2NH2, iCH2CO2CH3, %O2CH3, %ONH2, 
%H2C(O)NHCH3, iC(CH3)2(SH), iC(CH3)2(SCH3), 
%<CH3)2(S[O1CH3), %(CH3)2<S[012CH3), carboxy, 
amidino, N-alkylamidino, alkyl, aryl or aralkyl radicals; or 
R7 together with R1 and the carbon atoms to which R1 and 
R7 are attached, represent cycloalkyl or heterocyclo radicals; 

each R8 independently represents hydrogen or alkyl radicals; 

R1O represents hydrogen, alkyl, aryl, aralkyl, heterocyclo, 
heterocycloalkyl, heteroaryl or heteroaralkyl radicals; 

Rll represents hydrogen, alkyl, hydroxyalkyl, alkoxyalkyl, 
cycloalkyl, cycloalkylalkyl, heterocyclo, heterocycloalkyl, 
aryl, aralkyl, heteroaryl, heteroaralkyl, heteroarylcarbonyla 
lkyl, arylcarbonylalkyl, thioalkyl, alkylthioalkyl or arylth 
ioalkyl radicals or the corresponding sulfone or sulfoxide 
derivatives thereof, aminoalkyl or N-mono- or N,N-disub 
stituted aminoalkyl radicals, Wherein said substituents are 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl, heteroaryl, 
heteroaralkyl, heterocyclo or heterocycloalkyl radicals; or 
R and R11 together With the nitrogen to Which they are 
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attached represent heterocyclo, heteroaryl, aralkylhet 
eroaryl, aralkylheterocyclo, heteroaralkylheteroaryl or het 
eroaralkylheterocyclo radicals; 
t represents 0-4; and 

Y represents 0, S or NH. 
A more preferred family of compounds Within Formula II 

consistes of compounds wherein: 

R1 represents hydrogen, iCH2SO2NH2, 4CH2CO2CH3, 
iCO2CH3, %ONH2, iCH2C(O)NHCH3, %(CH3)2 
(SH), *C(CH3)2(SCH3), *C<CH3)2(S[O1CH3). 
iC(CH3)2(S[O]2CH3), alkyl, haloalkyl, alkenyl, alkynyl, 
cycloalkyl, cycloalkylalkyl, aminosulfonylalkyl, N-alky 
laminosulfonylalkyl, N,N-dialkylaminosulfonylalkyl or het 
eroaralkyl radicals, or an amino acid side chain of aspar 
agine, lysine, aspartic acid, aspartic acid methyl ester, 
methionine or the sulfoxide (S0) or sulfone (S02) deriva 
tives thereof, S-methyl cysteine or the sulfoxide (S0) or 
sulfone (S02) derivatives thereof, ornithine, leucine, isoleu 
cine, norleucine, allo-isoleucine, alanine, phenylalanine, 
histidine, tert-leucine, glutamine, threonine, allo-threonine, 
serine, O-alkyl serine, beta-cyano alanine or valine; 

R2 represents alkyl, cycloalkyl, cycloalkylalkyl, aryl, aralkyl 
or heteroaralkyl radicals, Which radicals are optionally sub 
stituted With one or more alkyl, halogen, iNOZ, iCN, 
iCF3, iORg or iSRg radicals, Wherein R9 represents 
hydrogen, alkyl, aryl, heteroaryl, cycloalkyl or heterocyclo 
radicals; 
R3 represents alkyl, alkenyl, alkynyl, haloalkyl, hydroxy 
alkyl, alkoxyalkyl, aminoalkyl, N-alkylaminoalkyl, N,N 
dialkylaminoalkyl, cycloalkyl, cycloalkylalkyl, heterocyclo, 
heterocycloalkyl, aryl, aralkyl, heteroaryl, heteroaralkyl, 
thioalkyl, alkylthioalkyl or arylthioalkyl radicals or the 
corresponding sulfone or sulfoxide derivatives thereof; 

R4 represents alkyl, alkenyl, alkynyl, haloalkyl, hydroxy 
alkyl, alkoxyalkyl, cycloalkyl, cycloalkylalkyl, heterocyclo, 
heterocycloalkyl, heteroaryl, heteroaralkyl, alkoxycarbony 
laminoheteroaryl, aryl, aralkyl or aralkenyl radicals; 

R6 represents hydrogen or alkyl radicals; 

each R7 independently represents hydrogen, iCO2CH3, 
iCONHZ, carboxy, amidino, N-alkylamidino, alkyl, aryl or 
aralkyl radicals; or R7 together with R1 and the carbon atoms 
to which R1 and R7 are attached, represent cycloalkyl or 
heterocyclo radicals; 
each R5 independently represents hydrogen or alkyl radicals; 

R1O represents hydrogen, alkyl, aralkyl or heteroaralkyl 
radicals; 
Rll represents hydrogen, alkyl, hydroxyalkyl, alkoxyalkyl, 
aminoalkyl, N-alkylaminoalkyl, N,N-dialkylaminoaikyl, 
cycloalkyl, cycloalkylalkyl, heterocyclo, heterocycloalkyl, 
aryl, aralkyl, heteroaryl, heteroaralkyl, heteroarylcarbonyla 
lkyl or arylcarbonylalkyl radicals; or R10 and R11 together 
With the nitrogen to Which they are attached represent 
heterocyclo, heteroaryl, aralkylheteroaryl, aralkylheterocy 
clo, heteroaralkylheteroaryl or heteroaralkylheterocyclo 
radicals; 
t represents 0-4; and 

Y represents 0 or S. 
Of higest interest are compounds Within Formula 11 

wherein 

R1 represents hydrogen, 4CH2C(O)NHCH3, 4C(CH3)2 
(SCH3), C(CH3)2(S[OlCH3), %(CH3)2(S[Ol2CH3), 
methyl, ethyl, isopropyl, iso-butyl, sec-butyl, tert-butyl, pro 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
penyl or propargyl radicals, or an amino acid side chain of 
asparagine, S-methyl cysteine, isoleucine, allo-isoleucine, 
alanine, tert-leucine or valine; 

R2 represents CH3SCH2CH2i, iso-butyl, n-butyl, benZyl, 
?uorobenZyl, naphthylmethyl, cyclohexylmethyl, phenylthi 
omethyl or naphthylthiomethyl radicals; 

R3 represents isoamyl, iso-butyl, propyl, n-butyl, cyclo 
hexyl, cycloheptyl, cyclohexylmethyl, cyclopentylmethyl, 
cyclopropylmethyl, pyridylmethyl or benZyl radicals; 

R4 represents methyl, phenyl, pyridyl, furyl, imidaZolyl, 
methylenedioXyphen-4-yl, methylenedioxyphen-S-yl, ethyl 
enedioxyphenyl, benZothiaZolyl, benZopyranyl, benZimida 
Zolyl, benZofuryl, 2,3-dihydrobenZofuryl, benZoXaZolyl, 
oXaZolyl, thiaZolyl or thiophenyl radicals, optionally substi 
tuted With one or more methyl, methoxy, ?uoro, chloro, 
hydroxy, amino, nitro or methoxycarbonylamino radicals; 

R6 represents hydrogen or methyl radicals; 

each R7 independently represents hydrogen, iCO2CH3, 
4CONH2 or methyl radicals; or R7 together with R1 and the 
carbon atoms to which R1 and R7 are attached represent 
cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl radicals; 

each R8 independently represents hydrogen or methyl radi 
cals; 
R10 and R11 each independently represent hydrogen, methyl, 
ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl, pyrolyl 
ethyl,-piperidinylethyl, pyrrolidinylethyl, morpholinylethyl, 
thiomorpholinylethyl, pyridylmethyl, methylaminoethyl, 
dimethylaminoethyl, phenyl, benZyl or diphenylmethyl radi 
cals; or R10 and R1 1 together With the nitrogen to Which they 
are attached represent piperidinyl, morpholinyl, thiomor 
pholinyl or sulfone or sulfoxide derivatives thereof, piper 
aZinyl, pyrrolidinyl or pyrrolyl radicals, or N-(alkyl)piper 
aZinyl, N-(aralkyl)piperaZinyl, N-(heteroaralkyl)piperaZinyl 
or N-(heterocycloalkyl) piperaZinyl radicals, such as N-me 
thylpiperaZinyl, N-ethylpiperaZinyl, N-benZylpiperaZinyl, 
N-(pyridylmethyl)piperaZinyl, N-(tetrahydrothienylmethyl) 
piperaZinyl, N-(thiaZolylmethyl)piperaZinyl, N-(furylm 
ethyl)piperaZinyl, N-(benZoXaZolylmethyl) piperaZinyl, 
N-(piperidinylethyl)piperaZinyl, N-(morpholinoethyl)piper 
aZinyl and the like; 

t represents 0 or 1; and 

Y represents 0 or S. 

The absolute stereochemistry of the carbon atom of 
4CH(OH)i group is preferably (R). The absolute stere 
ochemistry of the carbon atom of 4CH(Rl)i group is 
preferably (S). The absolute stereochemistry of the carbon 
atom ofiCH(R2)i groups is preferably (S). 
As utiliZed herein, the term “alkyl”, alone or in combi 

nation, means a straight-chain or branched-chain alkyl radi 
cal containing preferably from 1 to 10 carbon atoms, more 
preferably from 1 to 8 carbon atoms, most preferably 1-5 
carbon atoms. Examples of such radicals include methyl, 
ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert 
butyl, pentyl, iso-amyl, hexyl, octyl and the like. The term 
“thioalkyl” means an alkyl radical as de?ned above Which is 
substituted by at least one iSH group. “Alkylthioalkyl” and 
“arylthioalkyl” means an alkyl radical as de?ned above 
Which is substituted by at least one alkyl-S and aryl-Si, 
respectively, Where alkyl and aryl are as de?ned herein. 
Examples of thioalkyl, alkylthioalkyl and arylthioalkyl are 
%H2SCH2CH3, %H2CH2SH, iC(CH3)2SH, 
4C(CH3)2SCH3, i(CH2)2SCH3, iCHZS-phenyl and the 
like. The corresponding sulfoxide and sulfone of such thio 
alkyls are %H2S(O)CH2CH3, iC(CH3)2S(O)CH3, 
%(CH3)2S(O)CH3, iCH2S(O)2CH2CH3, %(CH3)2S 
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(O)2CH3, 4CH2S(0)phenyl, iCH2iS(O)2phenyl, 
iC(CH3)2S(O)2CH3 and the like. The term “alkenyl”, alone 
or in combination, means a straight-chain or branched-chain 
hydrocarbon radial having one or more double bonds and 
containing preferably from 2 to 10 carbon atoms, more 
preferably from 2 to 8 carbon atoms, most preferably from 
2 to 5 carbon atoms. Examples of suitable alkenyl radicals 
include ethenyl, propenyl, 2-methylpropenyl, l,4-butadienyl 
and the like. The term “alkynyl”, alone or in combination, 
means a straight-chain or branched chain hydrocarbon radi 
cal having one or more triple bonds and containing prefer 
ably from 2 to 10 carbon atoms, more preferably from 2 to 
5 carbon atoms. Examples of alkynyl radicals include ethy 
nyl, propynyl, (propargyl), butynyl and the like. The term 
“alkoxy”, alone or in combination, means an alkyl ether 
radical Wherein the term alkyl is as de?ned above. Examples 
of suitable alkyl ether radicals include methoxy, ethoxy, 
n-propoxy, isopropoxy, n-butoxy, iso-butoxy, sec-butoxy, 
tert-butoxy and the like. The term “cycloalkyl”, alone or in 
combination, means a saturated or partially saturated mono 
cyclic, bicyclic or tricyclic alkyl radical Wherein each cyclic 
moiety contains preferably from 3 to 8 carbon atom ring 
members, more preferably from 3 to 7 carbon atom ring 
members, most preferably from 5 to 6 carbon atom ring 
members, and Which may optionally be a benZo fused ring 
system Which is optionally substituted as de?ned herein With 
respect to the de?nition of aryl. Examples of such cycloalkyl 
radicals include cyclopropyl, cyclobutyl, cyclopentyl, cyclo 
hexyl, cycloheptyl, octahydronaphthyl, 2,3-dihydro-lH-in 
denyl, adamantyl and the like. “Bicyclic” and “tricyclic” as 
used herein are intended to include both fused ring systems, 
such as naphthyl and [3-carbolinyl, and substituted ring 
systems, such as biphenyl, phenylpyridyl, naphthyl and 
diphenylpiperaZinyl. The term “cycloalkylalkyl” means an 
alkyl radical as de?ned above Which is substituted by a 
cycloalkyl radical as de?ned above. Examples of such 
cycloalkylalkyl radicals include cyclopropylmethyl, 
cyclobutylmethyl, cyclopentylmethyl, cyclohexylmethyl, 
l-cyclopentylethyl, l-cyclohexylethyl, 2-cyclopentylethyl, 
2-cyclohexylethyl, cyclobutylpropyl, cyclopentylpropyl, 
cyclohexylbutyl and the like. The term “aryl”, alone or in 
combination, means a phenyl or naphthyl radical Which is 
optionally substituted With one or more substituents selected 
from alkyl, alkoxy, halogen, hydroxy, amino, nitro, cyano, 
haloalkyl, carboxy, alkoxycarbonyl, cycloalkyl, heterocyclo, 
alkanoylamino, amido, amidino, alkoxycarbonylamino, 
N-alkylamidino, alkylamino, dialkylamino, N-alkylamido, 
N,N-dialkylamido, aralkoxycarbonylamino, alkylthio, 
alkylsul?nyl, alkylsulfonyl and the like. Examples of aryl 
radicals are phenyl, p-tolyl, 4-methoxyphenyl, 4-(tert-bu 
toxy)phenyl, 3-methyl-4-methoxyphenyl, 4-?uorophenyl, 
4-chlorophenyl, 3-nitrophenyl, 3-aminophenyl, 3-acetami 
dophenyl, 4-acetamidophenyl, 2-methyl-3-acetamidophe 
nyl, 2-methyl-3-aminophenyl, 3-methyl-4-aminophenyl, 
2-amino-3-methylphenyl, 2,4-dimethyl-3-aminophenyl, 
4-hydroxyphenyl, 3-methyl-4-hydroxyphenyl, l-naphthyl, 
2 -naphthyl, 3 -amino -1 -naphthyl, 2 -methyl-3 -amino -1 -naph 
thyl, 6-amino-2-naphthyl, 4,6-dimethoxy-2-naphthyl, piper 
aZinylphenyl and the like. The terms “aralkyl” and 
“aralkoxy”, alone or in combination, means an alkyl or 
alkoxy radical as de?ned above in Which at least one 
hydrogen atom is replaced by an aryl radical as de?ned 
above, such as benZyl, benZyloxy, 2-phenylethyl, dibenZyl 
methyl, hydroxyphenylmethyl, methylphenylmethyl, diphe 
nylmethyl, diphenylmethoxy, 4-methoxyphenylmethoxy 
and the like. The term “aralkoxycarbonyl”, alone or in 
combination, means a radical of the formula aralkyl-O4C 
(O)i in Which the term “aralkyl” has the signi?cance given 
above. Examples of an aralkoxycarbonyl radical are benZy 
loxycarbonyl and 4-methoxyphenylmethoxycarbonyl. The 
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8 
term “aryloxy” means a radical of the formula aryl-Oi in 
Which the term aryl has the signi?cance given above. The 
term “alkanoyl”, alone or in combination, means an acyl 
radical derived from an alkanecarboxylic acid, examples of 
Which include acetyl, propionyl, butyryl, valeryl, 4-meth 
ylvaleryl, and the like. The term “cycloalkylcarbonyl” 
means an acyl radical of the formula cycloalkyl-C(O)i in 
Which the term “cycloalkyl” has the signi?cance give above, 
such as cyclopropylcarbonyl, cyclohexylcarbonyl, adaman 
tylcarbonyl, l,2,3,4-tetrahydro-2-naphthoyl, 2-acetamido-l, 
2,3 ,4-tetrahydro -2 -naphthoyl, l -hydroxy-l ,2,3,4-tetrahy 
dro-6-naphthoyl and the like. The term “aralkanoyl” means 
an acyl radical derived from an aryl-substituted alkanecar 
boxylic acid such as phenylacetyl, 3-phenylpropionyl (hy 
drocinnamoyl), 4-phenylbutyryl, (2-naphthyl)acetyl, 4-chlo 
rohydrocinnamoyl, 4-aminohydrocinnamoyl, 
4-methoxyhydrocinnamoyl, and the like. The term “aroyl” 
means an acyl radical derived from an arylcarboxylic acid, 
“aryl” having the meaning given above. Examples of such 
aroyl radicals include substituted and unsubstituted benZoyl 
or napthoyl such as benZoyl, 4-chlorobenZoyl, 4-carboxy 
benZoyl, 4-(benZyloxycarbonyl)benZoyl, l-naphthoyl, 
2-naphthoyl, 6-carboxy-2 naphthoyl, 6-(benZyloxycarbo 
nyl)-2-naphthoyl, 3-benZyloxy-2-naphthoyl, 3-hydroxy-2 
naphthoyl, 3-(benZyloxyformamido)-2-naphthoyl, and the 
like. The terms “heterocyclo,” alone or in combination, 
means a saturated or partially unsaturated monocyclic, bicy 
clic or tricyclic heterocycle radical containing at least one 
nitrogen, oxygen or sulfur atom ring member; preferably, 
1-4 nitrogen, oxygen or sulfur atom ring member; more 
preferably, 0-4 nitrogen, 0-2 oxygen and 0-2 sulfur atom ring 
member, but at least one such heteroatom; and having 
preferably 3 to 8 ring members in each ring, more preferably 
3 to 7 ring members in each ring and most preferably 5 to 
6 ring members in each ring. “Heterocyclo” is intended to 
include sulfones, sulfoxides, N-oxides of tertiary nitrogen 
ring members, and carbocyclic fused and benZo fused ring 
systems. Such heterocyclo radicals may be optionally sub 
stituted on one or more carbon atoms by halogen, alkyl, 
alkoxy, hydroxy, oxo, aryl, aralkyl, heteroaryl, het 
eroaralkyl, amidino, N-alkylamidino, alkoxycarbonylamino, 
alkylsulfonylamino and the like, and/or on a secondary 
nitrogen atom (i.e., iNHi) by hydroxy, alkyl, aralkoxy 
carbonyl, alkanoyl, heteroaralkyl, phenyl or phenylalkyl 
and/or on a tertiary nitrogen atom (i.e., =Ni) by oxido. 
“Heterocycloalkyl” means an alkyl radical as de?ned above 
in Which at least one hydrogen atom is replaced by a 
heterocyclo radical as de?ned above, such as pyrrolidinyl 
methyl, tetrahydrothienylmethyl, pyridylmethyl and the 
like. The term “heteroaryl”, alone or in combination, means 
an aromatic heterocyclo radical as de?ned above, Which is 
optionally substituted as de?ned above With respect to the 
de?nitions of aryl and heterocyclo. Examples of such het 
erocyclo and heteroaryl groups are pyrrolidinyl, piperidinyl, 
piperaZinyl, morpholinyl, thiamorpholinyl, pyrrolyl, imida 
Zolyl (e.g., imidaZol 4-yl, l-benZyloxycarbonylimidaZol-4 
yl, etc.), pyraZolyl, pyridyl, (e.g., 2-(l-piperidinyl)pyridyl 
and 2-(4-benZyl piperaZin-l-yl-l-pyridinyl, etc.), pyraZinyl, 
pyrimidinyl, furyl, tetrahydrofuryl, thienyl, tetrahydrothie 
nyl and its sulfoxide and sulfone derivatives, triaZolyl, 
oxaZolyl, thiaZolyl, indolyl (e.g., 2-indolyl, etc.), quinolinyl, 
(e.g., 2-quinolinyl, 3-quinolinyl, l-oxido-2-quinolinyl, etc.), 
isoquinolinyl (e.g., l-isoquinolinyl, 3-isoquinolinyl, etc.), 
tetrahydroquinolinyl (e.g., l,2,3,4-tetrahydro-2-quinolyl, 
etc.), l,2,3,4-tetrahydroisoquinolinyl (e.g., l,2,3,4-tetrahy 
dro-l-oxo-isoquinolinyl, etc.), quinoxalinyl, [3-carbolinyl, 
2-benZofurancarbonyl, l-, 2-, 4- or 5-benZimidaZolyl, meth 
ylenedioxyphen-4-yl, methylenedioxyphen-5-yl, ethylene 
dioxyphenyl, benZothiaZolyl, benZopyranyl, benZofuryl, 
2,3-dihydrobenZofuryl, benZoxaZolyl, thiophenyl and the 



US 7,297,793 B2 
9 

like. The term “heteroatom” means a nitrogen, oxygen or 
sulfur atom. The term "cycloalkylalkoxycarbonyl” means an 
acyl group derived from a cycloalkylalkoxycarboxylic acid 
of the formula cycloalkylalkyl-OiCOOH Wherein 
cycloalkylalkyl has the meaning given above. The term 
“aryloxyalkanoyl” means an acyl radical of the formula 
aryl-O-alkanoyl Wherein aryl and alkanoyl have the meaning 
given above. The term “heterocycloalkoxycarbonyl” means 
an acyl group derived from heterocycloalkyl-O4COOH 
Wherein heterocycloalkyl is as de?ned above. The term 
“heterocycloalkanoyl” is an acyl radical derived from a 
heterocycloalkylcarboxylic acid Wherein heterocyclo has the 
meaning given above. The term “heterocycloalkoxycarbo 
nyl” means an acyl radical derived from a heterocycloalkyl 
OiCOOH Wherein heterocyclo has the meaning given 
above. The term “heteroaryloxycarbonyl” means an acyl 
radical derived from a carboxylic acid represented by het 
eroaryl-O4COOH Wherein heteroaryl has the meaning 
given above. The term “aminocarbonyl” alone or in com 
bination, means an amino-substituted carbonyl (carbamoyl) 
group Wherein the amino group can be a primary, secondary 
or tertiary amino group containing substituents selected 
from alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl radicals 
and the like. The term “aminoalkanoyl” means an acyl group 
derived from an amino-substituted alkylcarboxylic acid 
Wherein the amino group can be a primary, secondary or 
tertiary amino group containing substituents selected from 
alkyl, aryl, aralkyl, cycloalkyl, cycloalkylalkyl radicals and 
the like. The term “halogen” means ?uorine, chlorine, 
bromine or iodine. The term “haloalkyl” means an alkyl 
radical having the meaning as de?ned above Wherein one or 
more hydrogens are replaced With a halogen. Examples of 
such haloalkyl radicals include chloromethyl, l-bromoethyl, 
?uoromethyl, di?uoromethyl, tri?uoromethyl, l,l,l-tri?uo 
roethyl and the like. The term “leaving group” (L) generally 
refers to groups readily displaceable by a nucleophile, such 
as an amine, a thiol or an alcohol nucleophile. Such leaving 
groups are Well knoWn in the art. Examples of such leaving 
groups include, but are not limited to, N-hydroxysuccinim 
ide, N-hydroxybenZotriaZole, halides, tri?ates, tosylates and 
the like. Preferred leaving groups are indicated herein Where 
appropriate. The term “amino acid side chain” means the 
side chain group, including the stereochemistry of the car 
bon to Which it is attached, attached to the naturally occur 
ring amino acid Which distinguishes the amino acid from 
glycine. For example, the amino acid side chain of alanine 
is methyl, of histidine is imidaZolylmethyl and phenylala 
nine is benZyl, and the attachment of such side chains to the 
compound of this invention retain the naturally occurring 
stereochemistry of the carbon to Which it is attached. The 
folloWing example illustrates the de?nition: 

RZN cozrr V 

Winn" 
Procedures for preparing the compounds of Formula I are 

set forth beloW. It should be noted that the general procedure 
is shoWn as it relates to preparation of compounds having the 
speci?ed stereochemistry, for example, Wherein the absolute 
stereochemistry about the hydroxyl group is designated as 
(R). HoWever, such procedures are generally applicable to 
those compounds of opposite con?guration, e.g., Where the 
stereochemistry about the hydroxyl group is (S). In addition, 
the compounds having the (R) stereochemistry of the 
hydroxyl group can be utiliZed to produce those having the 
(S) stereochemistry. A compound having the (R) stere 
ochemistry of the hydroxyl group can be inverted to the (S) 
stereochemistry using Well-known methods. For example, 
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10 
the hydroxy group can be converted into a leaving group 
such as a mesylate or tosylate and reacting the leaving group 
With an oxide anion such as hydroxide, benZyloxide (fol 
loWed by debenZylation) and the like, to produce an 
hydroxyl group With an (S) stereochemistry. 

Preparation of Compounds of Formula I 

The compounds of the present invention represented by 
Formula I above can be prepared utiliZing the folloWing 
general procedure. This procedure is schematically shoWn in 
the folloWing Schemes I-III: 

R2 O O R11 R7 R8 Y 

\\S// IL 
H—N N/ \R4 T Rlo/ \s r L 

| | Rs OH R3 0 0 R1 

id 
R11 R7 R8 Y R2 O 0 

It V 
R10/ \S t N N/ \R4 

// \\ | 
O 0 R1 6 OH 

| 
R R3 

a) R3N'H2; 
b) R4SO2Cl (or anhydride) + acid scavenger; 
c) deprotection; and 
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An N-protected chloroketone derivative of an amino acid 
-continued having the formula: 

R 

d H O 

10 

O 0 wherein P represents an amino protecting group, and R2 is as R11 R7 R8 Y R2 

I de?ned above, is reduced to the corresponding alcohol 
/N\ /s\ . . . . . . . R10 S t N N R4 utilizing an appropriate reducing agent. Su1table amino 

// \\ | 15 protecting groups are Well knoWn in the art and include 
0 O R1 H OH R3 carbobenZoxy, t-butoxycarbonyl, and the like. A preferred 

201mm,; amino protecting group is carbobenZoxy. Apreferred N-pro 
b) R43O2C1 (oranhydride?acid Smanger; tected chloroketone is N-benZyloxycarbonyl—L-phenylala 
zi‘izz?zgimand nine chloromethyl ketone. A preferred reducing agent is 

I 20 sodium borohydride. The reduction reaction is conducted at 
a temperature of from —10° C. to about 25° C., preferably at 
about 0° C., in a suitable solvent system such as, for 
example, tetrahydrofuran, and the like. Alternatively, the 

SQHEMElH corresponding N-protected bromoketone can also be used 
R2 R2 25 and is especially useful for producing some chiral alcohols. 

The N-protected chloroketones are commercially available, 
1 a l e.g., such as from Bachem, lnc., Torrance, Calif. Altema 

P _N P _N NH tively, the chloroketones can be prepared by the procedure 
IL; 0 It; OH 3,; set forth in S. J. Fittkau, J. Prakz. Chem, 315, 1037 (1973), 

30 and subsequently N-protected utiliZing procedures Which 
lb are Well knoWn in the art. 

The halo alcohol can be utiliZed directly, as described 
R2 beloW, or, preferably, is then reacted, preferably at room 

temperature, With a suitable base in a suitable solvent system 
/P' 35 to produce an N-protected amino epoxide of the formula: 

01 

Cl 

P2 OH R3 

,/c R2 

R2 IIUI R7 R8 Y 40 P\ 

HZN N R10 

OH R3 

d 45 Wherein P and R2 are as de?ned above. Suitable solvent 
systems for preparing the amino epoxide include ethanol, 

11 methanol, isopropanol, tetrahydrofuran, dioxane, and the 
R7 R8 Y 2 

If R like including mixtures thereof. Suitable bases for producing 
/N\ /P' the epoxide from the reduced chloroketone include potas 

R10 //S\\ ‘ N II‘I 50 sium hydroxide, sodium hydroxide, potassium t-butoxide, 
O O OH R3 R1 PII DBU and the like. A preferred base is potassium hydroxide. 

Alternatively, a protected amino epoxide can be prepared, 
such as in co-oWned and co-pending PCT Patent Application 

l6, f Ser. No. PCT/US93/04804 Which is incorporated herein by 
55 reference, starting With an L-amino acid Which is reacted 

With a suitable amino-protecting group in a suitable solvent 
R“ R7 R8 Y R2 0 o . . . 

| \\// to produce an amino-protected L-am1no acid ester of the 
N S formula: 

Rlo/ \s r N N/ \R4 
// \\ | 
O O R1 H OH R 60 3 

b) protection; 
c) deprotection; P l\ 0P3 
Ll) coupling; / N 
e) deprotection; and P2 
r) R4SO2Cl (or anhydride). 65 0 
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wherein P3 represents carboxyl-protecting group, e.g., 
methyl, ethyl, benZyl, tertiary-butyl and the like; R2 is as 
de?ned above; and P1 and P2 independently are selected 
from amine protecting groups, including but not limited to, 
arylalkyl, substituted arylalkyl, cycloalkenylalkyl and sub 
stituted cycloalkenylalkyl, allyl, substituted allyl, acyl, 
alkoxycarbonyl, aralkoxycarbonyl and silyl. Examples of 
arylalkyl include, but are not limited to benZyl, ortho 
methylbenZyl, trityl and benZhydryl, Which can be option 
ally substituted With halogen, alkyl of C1-C8, alkoxy, 
hydroxy, nitro, alkylene, amino, alkylamino, acylamino and 
acyl, or their salts, such as phosphonium and ammonium 
salts. Examples of aryl groups include phenyl, naphthalenyl, 
indanyl, anthracenyl, durenyl, 9-(9-phenyl?uorenyl) and 
phenanthrenyl, cycloalkenylalkyl or substituted cycloalky 
lenylalkyl radicals containing cycloalkyls of C6-Clo. Suit 
able acyl groups include carbobenZoxy, t-butoxycarbonyl, 
iso-butoxycarbonyl, benZoyl, substituted benZoyl, butyryl, 
acetyl, tri-?uoroacetyl, tri-chloroacetyl, phthaloyl and the 
like. 

Additionally, the p1 and/or p2 protecting groups can form 
a heterocyclic ring With the nitrogen to Which they are 
attached, for example, 1,2-bis(methylene)benZene, phthal 
imidyl, succinimidyl, maleimidyl and the like and Where 
these heterocyclic groups can further include adjoining aryl 
and cycloalkyl rings. In addition, the heterocyclic groups 
can be mono-, di- or tri-substituted, e.g., nitrophthalimidyl. 
The term silyl refers to a silicon atom optionally substituted 
by one or more alkyl, aryl and aralkyl groups. 

Suitable silyl protecting groups include, but are not lim 
ited to, trimethylsilyl, triethylsilyl, tri-isopropylsilyl, tert 
butyldimethylsilyl, dimethylphenylsilyl, 1,2-bis(dimethylsi 
lyl)b enZene, 1 ,2-bis (dimethylsilyl)ethane and 
diphenylmethylsilyl. Silylation of the amine functions to 
provide mono- or bis-disilylamine can provide derivatives of 
the aminoalcohol, amino acid, amino acid esters and amino 
acid amide. In the case of amino acids, amino acid esters and 
amino acid amides, reduction of the carbonyl function 
provides the required mono- or bis-silyl aminoalcohol. Sily 
lation of the aminoalcohol can lead to the N,N,O-tri-silyl 
derivative. Removal of the silyl function from the silyl ether 
function is readily accomplished by treatment With, for 
example, a mtal hydroxide or ammonium ?ouride reagent, 
either as a discrete reaction step or in situ during the 
preparation of the amino aldehyde reagent. Suitable silylat 
ing agents are, for example, trimethylsilyl chloride, tert 
buty-dimethylsilyl chloride, phenyldimethylsilyl chloride, 
diphenylmethylsilyl chloride or their combination products 
With imidaZole or DMF. Methods for silylation of amines 
and removal of silyl protecting groups are Well knoWn to 
those skilled in the art. Methods of preparation of these 
amine derivatives from corresponding amino acids, amino 
acid amides or amino acid esters are also Well knoWn to 
those skilled in the art of organic chemistry including amino 
acid/amino acid ester or aminoalcohol chemistry. 

Preferably P1 and P2 are independently selected from 
aralkyl and substituted aralkyl. More preferably, each of P1 
and P2 is benZyl. As illustrated in the Examples beloW, P, P1 
and P2 may serve as a nitrogen protecting group Which is 
later removed in the preparation of compounds of this 
invention or may form a part of the ?nal inhibitor structure. 
For example, benZoyl, benZyloxycarbonyl, t-butoxycarbo 
nyl, pyridylmethoxycarbonyl, tetrahydrofuryloxycarbonyl, 
tetrahydrothiophene-S,S-dioxideoxycarbonyl, pyridylcarbo 
nyl and the like can be used to both protect a nitrogen from 
undergoing an undesired reaction and also be part of the 
structure of an active enZyme inhibitor. 
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14 
The amino-protected L-amino acid ester is then reduced, 

to the corresponding alcohol. For example, the amino 
protected L-amino acid ester can be reduced With diisobu 
tylaluminum hydride at —780 C. in a suitable solvent such as 
toluene. Preferred reducing agents include lithium alu 
minium hydride, lithium borohydride, sodium borohydride, 
borane, lithium tri-ter-butoxyaluminum hydride, borane/ 
THF complex. Most preferably, the reducing agent is 
diisobutylaluminum hydride (DiBAL-H) in toluene. The 
resulting alcohol is then converted, for example, by Way of 
a SWem oxidation, to the corresponding aldehyde of the 
formula: 

Wherein P1, P2 and R2 are as de?ned above. Thus, a dichlo 
romethane solution of the alcohol is added to a cooled (—75 
to —680 C.) solution of oxalyl chloride in dichloromethane 
and DMSO in dichloromethane and stirred for 35 minutes. 

Acceptable oxidiZing reagents include, for example, sul 
fur trioxide-pyridine complex and DMSO, oxalyl chloride 
and DMSO, acetyl chloride or anhydride and DMSO, trif 
luoroacetyl chloride or anhydride and DMSO, methane 
sulfonyl chloride and DMSO or tetrahydro thiophene-S 
oxide, toluenesulfonyl bromide and DMSO, 
tri?uoromethanesulfonyl anhydride (tri?ic anhydride) and 
DMSO, phosphorus pentachloride and DMSO, dimeth 
ylphosphoryl chloride and DMSO and isobutyl chlorofor 
mate and DMSO. The oxidation conditions reported by 
ReetZ et al [Angew Chem., 99, p. 1186, (1987)], Anaew 
Chem. Int. Ed. EngL, 26, p. 1141, 1987) employed oxalyl 
chloride and DMSO at —780 C. 

The preferred oxidation method described in this inven 
tion is sulfur trioxide pyridine complex, triethylamine and 
DMSO at room temperature. This system provides excellent 
yields of the desired chiral protected amino aldehyde usable 
Without the need for puri?cation i.e., the need to purify 
kilograms of intermediates by chromatography is eliminated 
and large scale operations are made less haZardous. Reaction 
at room temperature also eliminated the need for the use of 
loW temperature reactor Which makes the process more 
suitable for commercial production. 
The reaction may be carried out under an inert atmosphere 

such as nitrogen or argon, or normal or dry air, under 
atmospheric pressure or in a sealed reaction vessel under 
positive pressure. Preferred is a nitrogen atmosphere. Alter 
native amine bases include, for example, tri-butyl amine, 
tri-isopropyl amine, N-methylpiperidine, N-methyl morpho 
line, aZabicyclononane, diisopropylethylamine, 2,2,6,6-tet 
ramethylpiperidine, N,N-dimethylaminopyridine, or mix 
tures of these bases. Triethylamine is a preferred base. 
Alternatives to pure DMSO as solvent include mixtures of 
DMSO With non-protic or halogenated solvents such as 
tetrahydrofuran, ethyl acetate, toluene, xylene, dichlo 
romethane, ethylene dichloride and the like. Dipolar aprotic 
co-solvents include acetonitrile, dimethylformamide, dim 
ethylacetamide, acetamide, tetramethyl urea and its cyclic 
analog, N-methylpyrrolidone, sulfolane and the like. Rather 
than N,N-dibenZylphenylalaninol as the aldehyde precursor, 
the phenylalaninol derivatives discussed above can be used 
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to provide the corresponding N-monosubstituted [either P1 
or PZIH] or N,N-disubstituted aldehyde. 

In addition, hydride reduction of an amide or ester deriva 
tive of the corresponding alkyl, benZyl or cycloalkenyl 
nitrogen protected phenylalanine, substituted phenylalanine 
or cycloalkyl analog of phenyalanine derivative can be 
carried out to provide the aldehydes. Hydride transfer is an 
additional method of aldehyde synthesis under conditions 
Where aldehyde condensations are avoided, cf, Oppenauer 
oxidation. 

The aldehydes of this process can also be prepared by 
methods of reducing protected phenylalanine and phenyla 
lanine analogs or their amide or ester derivatives by, e.g., 
sodium amalgam With HCl in ethanol or lithium or sodium 
or potassium or calcium in ammonia. The reaction tempera 
ture may be from about —35° C. to about 45° C., and 
preferably from abut 5° C. to about 250 C. In the case of 
liquid amonia, the preferred temperature is about —33° C. 
TWo additional methods of obtaining the nitrogen protected 
aldehyde include oxidation of the corresponding alcohol 
With bleach in the presence of a catalytic amount of 2,2,6, 
6-tetramethyl-l -pyridyloxy free radical. In a second method, 
oxidation of the alcohol to the aldehyde is accomplished by 
a catalytic amount of tetrapropylammonium perruthenate in 
the presence of N-methylmorpholine-N-oxide. 

Alternatively, an acid chloride derivative of a protected 
phenylalanine or phenylalanine derivative as disclosed 
above can be reduced With hydrogen and a catalyst such as 
Pd on barium carbonate or barium sulphate, With or Without 
an additional catalyst moderating agent such as sulfur or a 

thiol (Rosenmund Reduction). 
The aldehyde resulting from the SWem oxidation is then 

reacted With a halomethyllithium reagent, Which reagent is 
generated in situ by reacting an alkyllithium or arylithium 
compound With a dihalomethane represented by the formula 
XICHZX2 wherein X1 and X2 independently represent 1, Br 
or Cl. For example, a solution of the aldehyde and chlor 
oiodomethane in THF is cooled to —78° C. and a solution of 
n-butyllithium in hexane is added. The resulting product is 
a mixture of diastereomers of the corresponding amino 
protected epoxides of the formulas: 

P2 

The diastereomers can be separated e.g., by chromatogra 
phy, or, alternatively, once reacted in subsequent steps the 
diastereomeric products can be separated. For compounds 
having the (S) stereochemistry, a D-amino acid can be 
utiliZed in place of the L-amino acid. 

The addition of chloromethylithium or bromometh 
ylithium to a chiral amino aldehyde is highly diastereose 
lective. Preferably, the chloromethyllithium or bromometh 
ylithium is generated in-situ from the reaction of the 
dihalomethane and n-butyllithium. Acceptable methyleneat 
ing halomethanes include chloroiodomethane, bromochlo 
romethane, dibromomethane, diiodomethane, bromo?uo 
romethane and the like. The sulfonate ester of the addition 
product of, for example, hydrogen bromide to formaldehyde 
is also a methyleneating agent. Tetrahydrofuran is the pre 
ferred solvent, hoWever alternative solvents such as toluene, 
dimethoxyethane, ethylene dichloride, methylene chloride 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

16 
can be used as pure solvents or as a mixture. Dipolar aprotic 
solvents such as acetonitrile, DMF, N-methylpyrrolidone are 
useful as solvents or as part of a solvent mixture. The 
reaction can be carried out under an inert atmosphere such 
as nitrogen or argon. For n-butyl lithium can be substituted 
other organometalic reagents reagents such as methyl 
lithium, tert-butyl lithium, sec-butyl lithium, phenyllithium, 
phenyl sodium and the like. The reaction can be carried out 
at temperatures of betWeen about —80° C. to 0° C. but 
preferably. betWeen about —80° C. to —200 C. The most 
preferred reaction temperatures are between —400 C. to —l5o 
C. Reagents can be added singly but multiple additions are 
preferred in certain conditions. The preferred pres sure of the 
reaction is atmospheric hoWever a positive pressure is 
valuable under certain conditions such as a high humidity 
environment. 

Alternative methods of conversion to the epoxides of this 
invention include substitution of other charged methylena 
tion precurser species folloWed by their treatment With base 
to form the analogous anion. Examples of these species 
include trimethylsulfoxonium tosylate or tri?ate, tetram 
ethylammonium halide, methyldiphenylsulfoxonium halide 
Wherein halide is chloride, bromide or iodide. 
The conversion of the aldehydes of this invention into 

their epoxide derivative can also be carried out in multiple 
steps. For example, the addition of the anion of thioanisole 
prepared from, for example, a butyl or aryl lithium reagent, 
to the protected aminoaldehyde, oxidation of the resulting 
protected aminosul?de alcohol With Well knoWn oxidiZing 
agents such as hydrogen peroxide, tert-butyl hypochlorite, 
bleach or sodium periodate to give a sulfoxide. Alkylation of 
the sulfoxide With, for example, methyl iodide or bromide, 
methyl tosylate, methyl mesylate, methyl tri?ate, ethyl bro 
mide, isopropyl bromide, benZyl chloride or the like, in the 
presence of an organic or inorganic base Alternatively, the 
protected aminosul?de alcohol can be alkylated With, for 
example, the alkylating agents above, to provide a sulfonium 
salts that are subsequently converted into the subject 
epoxides With tert-amine or mineral bases. 
The desired epoxides formed, using most preferred con 

ditions, diastereoselectively in ratio amounts of at least 
about an 85:15 ratio (81K). The product can be puri?ed by 
chromatography to give the diastereomerically and enantio 
merically pure product but it is more conveniently used 
directly Without puri?cation to prepare retroviral protease 
inhibitors. The foregoing process is applicable to mixtures of 
optical isomers as Well as resolved compounds. If a particu 
lar optical isomer is desired, it can be selected by the choice 
of starting material, e.g., L-phenylalanine, D-phenylalanine, 
L-phenylalaninol, D-phenylalaninol, D-hexahydrophenyla 
laninol and the like, or resolution can occur at intermediate 
or ?nal steps. Chiral auxiliaries such as one or tWo equiv 
ilants of camphor sulfonic acid, citric acid, camphoric acid, 
2-methoxyphenylacetic acid and the like can be used to form 
salts, esters or amides of the compounds of this invention. 
These compounds or derivatives can be crystalliZed or 
separated chromatographically using either a chiral or 
achiral column as is Well knoWn to those skilled in the art. 
The amino epoxide is then reacted, in a suitable solvent 

system, With an equal amount, or preferably an excess of, a 
desired amine of the formula R3NH2, Wherein R3 is hydro 
gen or is as de?ned above. The reaction can be conducted 
over a Wide range of temperatures, e.g., from about 10° C. 
to about 100° C., but is preferably, but not necessarily, 
conducted at a temperature at Which the solvent begins to 
re?ux. Suitable solvent systems include protic, non-protic 
and dipolar aprotic organic solvents such as, for example, 
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those wherein the solvent is an alcohol, such as methanol, 
ethanol, isopropanol, and the like, ethers such as tetrahy 
drofuran, dioxane and the like, and toluene, N,N-dimethyl 
formamide, dimethyl sulfoxide, and mixtures thereof. A 
preferred solvent is isopropanol. Exemplary amines corre 
sponding to the formula R3NH2 include benZyl amine, 
isobutylamine, n-butyl amine, isopentyl amine, isoamy 
lamine, cyclohexanemethyl amine, naphthylene methyl 
amine and the like. The resulting product is a 3-(N-protected 
amino)-3-(R2)-1-(NHR3)-propan-2-ol derivative (hereinaf 
ter referred to as an amino alcohol) can be represented by the 
formulas: 

OH OH 

Wherein P, P1, P2, R2 and R3 are as described above. 
Alternatively, a haloalcohol can be utiliZed in place of the 
amino epoxide. 

The amino alcohol de?ned above is then reacted in a 
suitable solvent With a sulfonyl chloride (R4SO2Cl) or 
sulfonyl anhydride in the presence of an acid scavenger. 
Suitable solvents in Which the reaction can be conducted 
include methylene chloride, tetrahydrofuran. Suitable acid 
scavengers include triethylamine, pyridine. Preferred sulfo 
nyl chlorides are methanesulfonyl chloride and benZene 
sulfonyl chloride. The resulting sulfonamide derivative can 
be represented, depending on the epoxide utiliZed by the 
formulas 

Wherein P, P1, P2, R2, R3 and R4 are as de?ned above. These 
intermediates are useful for preparing inhibitor compounds 
of the present invention and are also active inhibitors of 
retroviral proteases. 

The sulfonyl halides of the formula R4SO2X can be 
prepared by the reaction of a suitable Grignard or alkyl 
lithium reagent With sulfuryl chloride, or sulfur dioxide 
folloWed by oxidation With a halogen, preferably chlorine. 
Also, thiols may be oxidiZed to sulfonyl chlorides using 
chlorine in the presence of Water under carefully controlled 
conditions. Additionally, sulfonic acids may be converted to 
sulfonyl halides using reagents such as PCl5, and also to 
anhydrides using suitable dehydrating reagents. The sulfonic 
acids may in turn be prepared using procedures Well knoWn 
in the art. Such sulfonic acids are also commercially avail 
able. In place of the sulfonyl halides, sul?nyl halides 
(R4SOX) or sulfenyl halides (R4SX) can be utiliZed to 
prepare compounds Wherein the iSOZi moiety is replaced 
by an iSOi or iSi moiety, respectively. 
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Alternatively, the sulfonyl halides of the formula R4SO2X 

can be prepared by Well knoWn procedures for chlorosul 
formation of an aromatic compound, for example, reaction 
With chlorosulfonic acid or sulfur trioxide/N,N-dimethylfo 
mamide complex under suitable reaction conditions. See 
Wolf et al, Z. Chem. 7:20, 1967, 8:111, 1968; Culbertson et 
al, J. Chem. Soc., p. 992 (1968) and EP 254577. 

FolloWing preparation of the sulfonamide derivative, the 
amino protecting group P or P1 and P2 amino protecting 
groups are removed under conditions Which Will not affect 
the remaining portion of the molecule. These methods are 
Well knoWn in the art and include acid hydrolysis, hydro 
genolysis and the like. A preferred method involves removal 
of the protecting group, e.g., removal of a carbobenZoxy 
group, by hydrogenolysis utiliZing palladium on carbon in a 
suitable solvent system such as an alcohol, acetic acid, and 
the like or mixtures thereof. Where the protecting group is 
a t-butoxycarbonyl group, it can be removed utiliZing an 
inorganic or organic acid, e. g., HCl or tri?uoroacetic acid, in 
a suitable solvent system, e.g., dioxane or methylene chlo 
ride. The resulting product is the amine salt derivative. 
Following neutralization of the salt, the amine is then 
reacted With an carboxylic acid, thiocarboxylic acid or 
corresponding derivative thereof represented by the formula 

R11 

N 
10/ \ t 

R7 R8 0 

Wherein t, R1, R7, R8, R10 and R11 are as de?ned above, to 
produce the antiviral compounds of the present invention 
having the formula: 

Wherein t, R1, R2, R3, R4, R6, R7, R8, R10 and R11 are as 
de?ned above. Preferred protecting groups in this instance 
are a benZyloxycarbonyl group or a t-butoxycarbonyl group. 

Alternatively, the coupling order may be reversed as 
shoWn in Scheme Ill. The protected amino alcohol from the 
epoxide opening can be further protected at the neWly 
introduced amino group With a protecting group P' Which is 
not removed When the ?rst protecting P is removed. One 
skilled in the art can choose appropriate combinations of P 
and P'. one suitable choice is When P is CbZ and P' is Boc. 
The resulting compound represented by the formulas 

R2 R2 

m2 
OH 
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can be carried through the remainder of the synthesis to 
provide a compound of the formula 

R11 R2 

R10 3 

O// \\O 1 I R H OH 

R7 R8 Y 

and the neW protecting group P' is selectively removed, and 
following deprotection, the resulting amine reacted to form 
the sulfonamide derivative as described above. This selec 
tive deprotection and conversion to the sulfonamide can be 
accomplished at either the end of the synthesis or at any 
appropriate intermediate step if desired. 

Protected S-acetylthioalkylcarboxylic acids can be uti 
liZed to prepare the sulfonamidealkylcarboxylic acids start 
ing material of this invention. The protected S-acetylthio 
alkylcarboxylic acids can be oxidized in the presence of 
chlorine to form the corresponding sulfonyl chloride com 
pounds. The sulfonyl chloride can then be reacted in the 
presence of a proton scavenger With RIORUNH to produce 
the corresponding protected aminosulfonylalkylcarboxylic 
acids. After deprotection, the carboxylic acids can be uti 
liZed to prepare the compounds of this invention. Reactive 
groups, such as alcohols, thiols, primary amines, secondary 
amines and the like, Which are present on groups R1, R7, R10 
and R11 should be protected and deprotected as needed. The 
overall reaction sequence can be shoWn as follows 

0 R7 Rs 0 R7 R8 O 

)k oxidation Cl 
8M0? —> \s * 0P3 //\\ 

R1 O O R1 

lRloRllNH 
R11 7 8 R11 7 s I R R O I R R O 

N 
R /N\S t OH deprotection Rlo/ \SMOW, //\\ ‘ — //\\ 

0 R1 0 O R1 

Wherein R1, R7, R8, R10, R11 and P3 are as de?ned above. 
This process can also be used in the asymmetric synthesis of 
starting materials having asymmetric centers. 
The protected S-acetylthioalkylcarboxylic acids can be 

readily prepared using standard procedures from the corre 
sponding substituted S-acetylthioalkylcarboxylic acids 

0 R7 Rs 0 

XS. OH 

R1 
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or can be readily prepared by acetylating the corresponding 
substituted thiols 

R7 R8 0 

HS t oP3 

With acetic anhydride, acetyl chloride or the like using 
standard conditions. Such substituted thiols can be readily 
prepared from commercially available starting materials 
using standard procedures and reagents Well knoWn in the 
art. For example, a carbonyl can be readily converted into a 
thiocarbonyl Which can be reduced to a thiol or reacted With 
a nucleophile to form a substituted thiol. Alternatively, a 
carboxylic acid or ester having a leaving group, such as 
chlorine atom, bromine atom, tosylate, mesylate and the 
like, can be reacted With sul?de anion, benZylthiol folloWed 
by debenZylation, thiocyanide anion folloWed by decyana 
tion, and the like, to form the thiol, or With thioacetate anion 
to form the acetylthio derivative. In addition, Michael addi 
tion of sul?de anion on this acetate to a double bond 
containing carboxylic acid or protected carboxylic acid can 
provide the desired thioalkyl carboxylic acid. Substituted 
thioalkylcarboxylic acids having chiral centers can be pre 
pared from sugars using standard synthetic methods, or by 
resolution of the carboxylic acids using resolving reagents or 
resolving chromatographic columns. 
The thiocarbonyl compounds of this invention are really 

prepared by methods Well knoWn to those skilled in the art, 
for example, by treatment of a carbonyl compound With 
LaWesson’s reagent (2,4-bis(4-methoxyphenyl)-l,3-dithia 
2,4-diphosphetane-2,4-disul?de) Which is an article of com 
merce. Phosphorus pentasul?de may also be used or one can 
treat an amine of this invention With a pre-formed thiocar 
bonyl reagent such as thiocarbonylchloride in the presence 
of base. 

In place of the sulfonyl halides, sul?nyl halides (RSOCl) 
and sulfenyl halides (RSCl) can be utiliZed to prepare 
compounds Wherein the iSOZi moiey is replaced by 
iSOi or iSi, respectively. 

It is contemplated that for preparing compounds of the 
Formulas having R6, the compounds can be prepared fol 
loWing the procedures set forth above and, prior to coupling 
the sulfonamide-carboxylic acid derivative 

R11 R7 R8 0 

N 
/ \ 

R10 S ‘ OH 
// \\ 
O 0 R1 

to the protected amine or sulfonamide amine 

by alkylation or reductive amination. For example, the 
amino group can be alkylated With sodium cyanoborohy 
dride and an appropriate aldehyde or ketone at room tem 
perature. It is also contemplated that Where R3 of the amino 
alcohol intermediate is hydrogen, the inhibitor compounds 
of the present invention Wherein R3 is alkyl, or other 
substituents Wherein the ot-C contains at least one hydrogen, 
can be prepared through reductive amination of the ?nal 
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product of the reaction between the amino alcohol and the 
amine or at any other stage of the synthesis for preparing the 
inhibitor compounds. 

Contemplated equivalents of the general formulas set 
forth above for the antiviral compounds and derivatives as 
Well as the intermediates are compounds otherWise corre 
sponding thereto and having the same general properties, 
such as tautomers thereof as Well as compounds, Wherein 
one or more of the various R groups are simple variations of 
the substituents as de?ned therein, e. g., Wherein R is a higher 
alkyl group than that indicated. In addition, Where a sub 
stituent is designated as, or can be, a hydrogen, the exact 
chemical nature of a substituent Which is other than hydro 
gen at that position, e.g., a hydrocarbyl radical or a halogen, 
hydroxy, amino and the like functional group, is not critical 
so long as it does not adversely affect the overall activity 
and/or synthesis procedure. 

The chemical reactions described above are generally 
disclosed in terms of their broadest application to the 
preparation of the compounds of this invention. occasion 
ally, the reactions may not be applicable as described to each 
compound included Within the disclosed scope. The com 
pounds for Which this occurs Will be readily recognized by 
those skilled in the art. In all such cases, either the reactions 
can be successfully performed by conventional modi?ca 
tions knoWn to those skilled in the art, e.g., by appropriate 
protection of interfering groups, by changing to alternative 
conventional reagents, by routine modi?cation of reaction 
conditions, and the like, or other reactions disclosed herein 
or otherWise conventional, Will be applicable to the prepa 
ration of the corresponding compounds of this invention. In 
all preparative methods, all starting materials are knoWn or 
readily preparable from knoWn starting materials. 

Without further elaboration, it is believed that one skilled 
in the art can, using the preceding description, utilize the 
present invention to its fullest extent. The folloWing pre 
ferred speci?c embodiments are, therefore, to be construed 
as merely illustrative, and not limitative of the remainder of 
the disclosure in any Way Whatsoever. 

All reagents Were used as received Without puri?cation. 
All proton and carbon NMR spectra Were obtained on either 
a Varian VXR-300 or VXR-400 nuclear magnetic resonance 
spectrometer. 
The folloWing Examples illustrate the preparation of the 

inhibitor compounds of the present invention Which inhibit, 
in particular, HIV protease and intermediates useful in the 
preparation of the inhibitor compounds. In addition, the 
intermediates can also inhibit retroviral proteases. 

EXAMPLE 1 

on 

ocH3 
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22 
Preparation of 3 S-amino-1 -[N-(2-methylpropyl) -N 
(4-methoxyphenylsulfonyl)amino] -4 -phenyl-2R 

butanol 

Part A: N-benzyloxycarbonyl-3 (S) -amino-1 -chloro-4-phe 
nyl-2 (S)-butanol 
To a solution of N-benzyloxycarbonyl-L-phenylalanine 
chloromethyl ketone (75 g, 0.2 mol) in a mixture of 800 mL 
of methanol and 800 mL of tetrahydrofuran Was added 
sodium borohydride (13.17 g, 0.348 mol, 1.54 equiv.) over 
100 min. The solution Was stirred at room temperature for 2 
hours and then concentrated in vacuo. The residue Was 
dissolved in 1000 mL of ethyl acetate and Washed With 1N 
KHSO4, saturated aqueous NaHCO3, saturated aqueous 
NaCl, dried over anhydrous MgSO4, ?ltered and concen 
trated in vacuo to give an oil. The crude product Was 
dissolved in 1000 mL of hexanes at 600 C. and alloWed to 
cool to room temperature Where upon crystals formed that 
Were isolated by ?ltration and Washed With copious amounts 
of hexanes. This solid Was then recrystallized from hot ethyl 
acetate and hexanes to provide 32.3 g 43% of N-benzyloxy 
carbonyl-3(S)-amino-1-chloro-4-phenyl-2(S)-butanol, mp 
150-1510 C., FAB MS: MLi+:340. 

Part B: 3(S)-[N-(benzyloxycarbonyl)amino]-1,2(S)-epoxy 
4-phenylbutane 
A solution of potassium hydroxide (6.52 g. 0.116 mol, 1.2 
equiv.) in 970 mL of absolute ethanol Was treated With 
N-benzyloxycarbonyl-3(S)-amino-1-chloro-4-phenyl-2(S) 
butanol (32.3 g, 0.097 mol). This solution Was stirred at 
room temperature for 15 minutes and then concentrated in 
vacuo to give a White solid. The solid Was dissovled in 
dichloromethane and Washed With Water, dried over anhyd 
MgSO4, ?letered and concentrated in vacuo to give a White 
solid. The solid Was crystallized from hexanes and ethyl 
acetate to give 22.3 g, 77% of 3(S)-[N-(benzyloxycarbonyl) 
amino]-1,2(S)-epoxy-4-phenylbutane, mp 102-1030 C., 
FAB MS: MH+:298. 

Part C: N-[3(S)-benzyloxycarbonylamino-2(R)-hydroxy-4 
phenyl]N-isobutylamine 
A solution of N-benzylcarbonyl-3(S)-amino-1,2-(S)-epoxy 
4-phenyl butane (50.0 g, 0.168 mol) and isobutylamine (246 
g, 3.24 mol, 20 equivalents) in 650 mL of isopropyl alcohol 
Was heated to re?ux for 1.25 hours. The solution Was cooled 
to room temperature, concentrated in vacuo and then poured 
into 1 L of stirring hexane Whereupon the product crystal 
lized from solution. The product Was isolated by ?ltration 
and air dried to give 57.56 g, 92% of N[3(S)-benzyloxycar 
bonylamino-2(R)-hydroxy-4-phenyl]-N-isobutylamine, mp 
1080-10950 C., MH+ m/z:371. 

Part D: phenylmethyl [2(R)-hydroxy-3-[N-(2-methylpro 
pyl)-N-(4-methoxyphenylsulfonyl)amino] -1 S-(phenylm 
ethyl)propyl]carbamate 
The amine from Part C (936.5 mg, 2.53 mmol) and triethy 
lamine (2.88.5 mg, 2.85 mmol) Was dissolved in 20 mL of 
dichloromethane and treated With 4-methoxybenzenesulfo 
nyl chloride (461 mg, 2.61 mmol). The solution Was stirred 
at room temperature for 16 hours and then concentrated in 
vacuo. The residue Was dissolved in ethyl acetate and this 
solution Was Washed With 1N KHSO4, saturated aqueous 
NaHCO3, brine, dried over anhyd MgSO4, ?ltered, and 
concentrated to give a clear oil 1.234 g. The oil Was 
crystallized from a mixture of ether and hexanes, 729.3 mg, 
56.5% mp 95-990 C., FAB MS: MH+:511. 
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Part E: 3 S-amino-1 -[N-(2 -methylpropyl)-N-(4-methox 
yphenylsulfonyl)amino] -4 -phenyl-2R-butanol 

A solution of phenylmethyl [2(R)-hydroxy-3-[N-(2-methyl 
propyl)-N-(4-methoxyphenylsulfonyl)amino] 1-S-(phenyl 
methyl) propyl carbamate (671.1 mg, 1.31 mmol) from Part 
D in 10 mL of methanol Was hydrogenated over 50 mg of 
10% palladium on carbon at 40 psig at room temperature for 
15 hours. The catalyst Was removed by ?ltration through 
diatomaceous earth and the ?ltrate concentrated to give a 
White foam, 474.5 mg, 96%, FAB MS: MH+:377. 

EXAMPLE 2 

YNYNQ 
Preparation of benZyl 

D-(-)-S-acetyl-[3-mercaptoisobutyrate 

A 250 mL round bottom ?ask equipped With N2 inlet, 
magnetic stir bar, and addition funnel Was charged With 14 
g D-(-)-S-acetyl-[3-mercaptoisobutyric acid and 125 mL dry 
toluene and cooled to 0° C. To the stirring solution Was 
added 13.6 g (1.0 eq) DBU dropWise over 20 minutes then 
15.3 g (1.05 eq) benZyl bromide over about 5 minutes. The 
reaction Was alloWed to Warm to room temperature over 

night. The reaction Was concentrated in vacuo and partition 
betWeen ethyl acetate/saturated aqueous bicarbonate. The 
organic phase Was Washed With brine, dried, and concen 
trated in vacuo to 20.6 g (95%) benZyl D-(-)-S-acetyl-[3 
mercaptoisobutyrate suitable for use in the next step. 

EXAMPLE 3 

Preparation of benZyl 
3-chlorosulfonyl-2(R)-methylpropionate 

A 500 mL round bottom ?ask Was charged With 20.6 g crude 
product from Example 2, in 200 mL 10% ethanolic carbon 
tetrachloride. The solution Was cooled to 00 C. and chlorine 
gas Was bubbled through for 90 minutes. The reaction Was 
concentrated in vacuo to yield 22.5 g pale yelloW benZyl 
3-chlorosulfonyl-2(R)-methylpropionate that is suitable for 
use Without further puri?cation. 

EXAMPLE 4 

OH 
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Preparation of 

3 -(1 -morpholino sulfonyl) -2 (R) -methylpropionic 
acid 

Part A: benZyl 3-(1-morpholinosulfonyl)-2(R)-methylpropi 
onate 

A 100 mL round bottom ?ask equipped With magnetic stir 
bar and N2 inlet Was charged With 1.1 g benZyl 3-chloro 
sulfonyl-2(R)-methylpropionate from Example 3, in 10 mL 
CH2Cl2. The solution Was cooled to 00 C. and mixed With 
0.67 mL (1.2 eq) NEt3 and 0.36 mL (1.05 eq) morpholine in 
15 mL CH2Cl2. The reaction Was stirred at 0° C. for 3 hours. 
The reaction Was concentrated in vacuo and the residue Was 

partioned betWeen ethyl acetate/H2O. The organic phase Was 
Washed With brine, dried and concentrated in vacuo to yield 
10 g (77%) of a White crystalline solid of benZyl 3-(1 
morpholinosulfonyl)-2(R)-methylpropionate. 
Part B: 
acid 

3 -(1 -morpholinosulfonyl)-2(R)-methylpropionic 

A 100 mL Fisher/Porter vessel Was charged With 1.0 g 
benZyl 3-(1-morpholinosulfonyl)-2(R)-methylpropionate in 
15 mL MeOH and a catalytic amount of 10% Pd4C and 
hydrogenated overnight at 40 psi. The next day the reaction 
Was ?ltered through Celite and concentrated in vacuo to 
yield 750 mg of 3-(1-morpholinosulfonyl)-2(R)-methylpro 
pionic acid. HRMS calcd. for CSHISNOSS calcd. 238.0748, 
obs 238.0760. 

EXAMPLE 5 

Preparation of Nl-[l -[N-(2-methyloropyl)-N-(4 
methoxyphenyl sulfonyl)amino] -2R-hydroxy-3 (S) - 

(phenylmethyl)prop-3 -yl] -3 -(1-morpholinosulfonyl) 
2(R)-methylpropionamide 

A 50 mL round bottom ?ask equipped With magnetic stir bar 
Was charged With 125 mg of 3-(1-morpholinosulfonyl)-2 
(R)-methylpropionic acid from Example 4 in 5 mL DMF. 
The solution Was cooled to 0° C. and 107 mg (1.5 eq) HOBT 
Was added folloWed by 112 mg (1.1 eq) EDC. After 30 
minutes, 200 mg of amine from Example 1 (0.93 eq) in 2 mL 
DMF Was added and the reaction Was stirred at room 
temperature overnight. The reaction Was concentrated in 
vacuo and the residue Was taken up in ethyl acetate and 
Washed With saturated aqueous bicarbonate, 5% aquious 
citric acid, brine, dried over MgSO4 and concentrated to 
yield 207 mg (67%) of Nl-[l-[N-(2-methylpropyl)-N-(4 
methoxyphenylsulfonyl)amino] -2R-hydroxy-3(S)-(phenyl 
methyl)prop -3 -yl] -3-(1 -morpholino sulfonyl)-2(R)-methyl 
propionamide. The product Was further puri?ed by ?ash 
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chromatography (ethyl acetate/hexanes). HRMS calcd. for 
C29H43N3O8S2; calcd. 626.2570, obs. 626.2584. 

EXAMPLE 6 

O O 

\\// 
pN/s OH 

/N\) 
Preparation of 3-(4-methylpiperiZin-1-ylsulfonyl)-2 

(R)-methylpropionic acid 

Part A: benZyl 3-[(4-methylpiperiZin-1-yl)sulfonyl]-2(R) 
methylpropionate 
A 100 mL round bottom ?ask equipped With magnetic stir 

bar Was charged With 0.42 mL (1.05 eq) N-methyl-pipera 
Zine, 1 mL NEt3 and 20 mL CH2Cl2. The solution Was 
cooled to 00 C. and 1.0 g of benZyl 3-chlorosulfonyl-2(R) 
methylpropionate from Example 3 in 5 mL CH2Cl2 Was 
added. After 1 hour reaction Was concentrated in Vacuo. The 
residue Was partioned betWeen EA/H2O and the organic 
phase Was Washed With saturated aqueous bicarb., brine, 
dried, and concentrated in Vacuo to yield benZyl 3-[(4 
methylpiperiZin-1-yl)sulfonyl]-2(R)-methylpropionate 
Which Was used Without further puri?cation. 

Part B: 3-[(4-methylpiperiZin-1-yl)sulfonyl]-2(R)-methyl 
propionic acid 

A 100 mL Fisher/Porter Vessel Was charged With benZyl 
3 -[(4 -methylpiperiZin- 1 -yl) sulfonyl] —2 (R) -methylpropi 
onate in 15 mL MeOH With a catalytic amount of 10% 
Pd4C. Hydrogenation at 50 psi for 48 hours a?forded, after 
?ltration through Celite and concentration in Vacuo to yield 
3 -[(4 -methylpiperiZin- 1 -yl) sulfonyl] —2 (R) -methylpropionic 
acid as a hygroscopic foam suitable for use Without further 
puri?cation. 

EXAMPLE 7 

N/ S 

on 
ocH3 

Preparation of N1 -[ 1 - [N- (2 -methylpropyl)-N-(4 
methoxyphenylsulfonyl)amino] -2R-hydroxy-3(S) 
(phenylmethyl)prop-3-yl] -3 -[(4 -methylpiperiZin-1 - 

yl) sulfonyl] —2 (R) —methylpropionamide 

A 100 mL round bottom ?ask equipped With magnetic stir 
bar and N2 inlet Was charged With 79 mg of 3-[(4-methylpi 
periZin-1-yl)sulfonyl]-2(R)-methylpropionic acid from 
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Example 6 (1.15 eq) in 5 mL DMF. The solution Was cooled 
to 00 C. and 55 mg (1.5 eq) HOBt Was added folloWed by 
61 mg (1.15 eq) EDC. After 30 minutes a solution of 1 10 mg 
amine from Example 1 in 1 mL DMF Was added and the 
reaction Was stirred at room temperature. The reaction Was 
poured into H20 and the product extracted With ethyl 
acetate. The organic phase Was Washed With saturated 
aqeous bicarbonate, brine, dried and concentrated in Vacuo 
to yield crude product. Puri?cation by ?ash chromatography 
(CH2Cl2/MeOH) yielded 100 mg (57%) of Nl-[1-[N-(2 
methylpropyl)-N-(4 -methoxyphenylsulfonyl)amino] -2R 
hydroxy-3 (S) -(phenylmethyl)prop-3 -yl] -3 - [ (4 -methylpiper 
iZin-1-yl)sulfonyl]—2(R)-methylpropionamide. 

EXAMPLE 8 

o o 

\\// 
/s OH 

HZN 

0 

Preparation of 
3-aminosulfonyl-2(R)-methylpropionic acid 

Part A: benZyl 3-aminosulfonyl-2(R)-methylpropionate 

A 100 mL round bottom ?ask equipped With magnetic stir 
bar Was charged With 1.22 g of benZyl 3-chlorosulfonyl-2 
(R)-methylpropionate in 15 mL CH2Cl2 and cooled to —780 
C. To this solution Was added to 10 mL of liquid ammonia 
at —780 C. After 20 minutes the reaction Was Warmed to 
room temperature, concentrated in Vacuo to afford a White 
solid. The solid Was slurried in ethyl acetate, ?ltered to 
remove inorganic salts and concentrated in Vacuo to afford 
1.08 g of benZyl 3-aminosulfonyl-2(R)-methylpropionate as 
a clear yelloW oil. The crude product Was used Without 
further puri?cation. 

Part B: 3-aminosulfonyl-2(R)-methylpropionic acid 

A 100 mL Fisher/Porter Vessel Was charged With 1.1 g of 
crude benZyl 3-aminosulfonyl-2(R)-methylpropionate in 35 
mL MeOH and a catalytic amount of 10% PdiC. The 
mixture Was hydrogenated at 50 psi for 24 hours, ?ltered 
through Celite and concentrated in Vacuo to yield 700 mg of 
3-aminosulfonyl-2(R)-methylpropionic acid as a clear oil. 
The crude acid Was used Without further puri?cation. 

EXAMPLE 9 

ocH3 
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Preparation of N1 -[ 1 - [N- (2 -methylpropyl)-N-(4 
methoxyphenyl sulfonyl)amino] -2R-hydroxy-3(S) 
(phenylmethyl)prop -3 -yl] -3 -amino sulfonyl-2 (R) 

methylpropionamide 

A 25 mL round bottom ?ask equipped With magnetic stir bar 
and N2 inlet Was charged With 70 mg of 3-aminosulfonyl 
2(R)-methylpropionic acid from Example 8 in 2 mL DMF. 
The solution Was cooled to 0° C. and charged With 74 mg 
(1.5 eq) HOBt, and 80 mg (1.15 eq) EDC. After 15 minutes 
a solution of 147 mg of amine from Example 1 in 2 mL DMF 
Was added. The reaction Was stirred 20 hours at room 

temperature and partitioned betWeen ethyl acetate and satu 
rated aqueous bicarbonate. The organic phase Was Washed 
With brine, dried and concentrated in vacuo to yield 160 mg 
of crude oil. The crude material Was dissolved in ethyl 
acetate, Washed With 10% aq KHSO4 and concentrated in 
vacuo to yield 80 mg crude product. Puri?cation by ?ash 
chromatography (MeOH/ethyl acetate) on silica gel a?forded 
35 mg of Nl-[1-[N-(2-methylpropyl)-N-(4-methoxyphenyl 
sulfonyl)amino]-2R-hydroxy-3(S)-(phenylmethyl)prop-3 
yl]-3-aminosulfonyl-2(R)-methylpropionamide. HRMS 
calcd. for C24H36N3O7S2; calcd. 556.2151, obs. 556.2198. 

EXAMPLE 10 

o o 

\\s// OH 
\ N/ 

l 0 

Preparation of 
3-[(dimethylamino)sulfonyl] -2(R)-methylpropionic 

acid 

Part A: benZyl 3-[(dimethylamino)sulfonyl]-2(R)-methyl 
propionate 

A 100 mL round bottomed ?ask equipped With magnetic stir 
bar Was charged With 1.7 g benZyl 3-chlorosulfonyl-2(R) 
methylpropionate from Example 3 in 25 mL CH2Cl2. The 
solution Was cooled to —780 C. and 15 mL of anhydrous 
dimethylamine Was sloWly added. After 30 minutes the 
reaction Was concentrated in vacuo and the residue Was 

partioned betWeen EA/HZO. The organic phase Was dried, 
concentrated in vacuo to yield 1.4 g of benZyl 3-[(dimethy 
lamino)sulfonyl]-2(R)-methylpropionate as a clear amber 
oil Which Was used directly in the next step. 

Part B: 3-[(dimethylamino)sulfonyl]-2(R)-methylpropionic 
acid 

A 100 mL Fisher/Porter vessel Was charged With 1.4 g of 
benZyl 3- [(dimethylamino) sulfonyl] -2 (R)-methylpropionate 
in 30 mL acetic acid With a catalytic amount of 10% Pd4C. 
The reaction Was hydrogenated at 50 psi for 24 hours, 
?ltered through Celite and concentrated in vacuo. The 
residue Was aZeotroped With toluene then concentrated in 
vacuo to afford 900 mg of 3-[(dimethylamino)sulfonyl]-2 
(R)-methylpropionic acid Which Was used Without further 
puri?cation. 
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EXAMPLE 11 

00 OH 

ocH3 

Preparation of N1 - [1 - [N- (2 -methylpropyl)-N-(4 
methoxyphenyl sulfonyl)amino] -2R-hydroxy-3 (S) - 
(phenylmethyl)prop -3 -yl] -3 - [(dimethylamino)sulfo 

nyl] -2 (R) -methylpropionamide 

A 50 mL round bottom ?ask equipped With magnetic stir bar 
Was charged With 126 mg of 3-[(dimethylamino)sulfonyl] 
2(R)-methylpropionic acid from Example 10 in 2 ML DMF. 
The solution Was cooled to 0° C. and 110 mg (1.5 eq) HOBt 
Was added folloWed by 124 mg (1.15 eq) EDC. After 30 
minutes, 236 mg of amine from Example 1 in 3 mL DMF 
Was added. The reaction Was stirred at room temperature 
overnight. The reaction Was partitioned betWeen ethyl 
acetate and saturated aqueous bicarbonate. The organic 
phase Was Washed With brine, dried and concentrated in 
vacuo to yield 220 mg crude product. Flash chromatography 
(3% MeOH/CH2Cl2) on silica gel gave 84 mg (25%) of 
N1 -[1 - [N- (2 -methylpropyl)-N-(4-methoxyphenylsulfonyl) 
amino] -2R-hydroxy-3(S)-(phenylmethyl)prop -3 -yl] -3 
[(dimethylamino)sulfonyl]-2(R)-methylpropionamide. 
HPLC indicators 99.2% pure. HRMS calcd. for (M+Li) 
C27H4lN3O7S2: calcd. (M+Li) 590.2546, obs (m+Li) 
590.2599. 

EXAMPLE 12 

N 

Preparation of 
3 -(1 -piperidinyl) sulfonyl-2(R)-methylpropionic acid 

Part A: benZyl 3-(1-piperidinyl)sulfonyl-2(R)-methylpropi 
onate 

A 100 mL round bottom ?ask equipped With magnetic stir 
bar Was charged With 1 g benZyl 3-chlorosulfonyl-2(R) 
methylpropionate from Example 3 in 25 mL CH2Cl2. The 
solution Was cooled to 00 C. and 4 mL of piperdine Was 
sloWly added. The reaction Was stirred 1 hour then concen 
trated in vacuo. The residue Was partioned betWeen ethyl 
acetate and Water. The organic phase Was Washed With brine, 
dried, and concentrated in vacuo to give 1 g of benZyl 
3-(1-piperidinyl)sulfonyl-2(R)-methylpropionate suitable 
for use Without further puri?cation. 
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Part B: 3-(1-piperidinyl)sulfonyl-2(R)-methylpropionic acid 

A 100 mL Fisher/Porter Vessel Was charged With 1 g of 
benZyl 3-(1-piperidinyl)sulfonyl-2(R)-methylpropionate 30 
mL MeOH and a catalytic amount of 10% Pd4C. The 
reaction Was hydrogenated at 50 psi for 3 hours. After 
?ltration through Celite and concentration in Vacuo of 
3-(1-piperidinyl)sulfonyl-2(R)-methylpropionic acid Was 
isolated in quantitive yield. 

EXAMPLE 13 

s 
N/ 

OH 
ocH3 

Preparation of N1 -[ 1 - [N- (2 -methypropyl)-N-(4 
methoxyphenylsulfonyl)amino] -2R-hydroXy-3(S) 
(phenylmethyl)prop -3 -yl] -3 -(1 -piperidinyl) sulfonyl 

2(R)-methylpropionamide 

A 50 mL round bottom ?ask equipped With magnetic stir bar 
Was charged With 100 mg of 3-(1-piperidinyl)sulfonyl-2(R) 
methylpropionic acid in 3 mL DMF. The solution Was 
cooled to 0° C. and 75 mg (1.5 eq) HOBt added folloWed by 
82 mg (1.15 g) EDC. After 30 minutes, 172 mg of amine 
from Example 1 in mL DMF Was added. The reaction Was 
stirred 20 hours at room temperature then partitioned 
betWeen ethyl acetate and saturated aqueous bicarbonate. 
The organic phase Was Washed With brine, dried, and con 
centrated in Vacuo to yield 180 mg of crude product. Flash 
chromatography yielded 60 mg of Nl-[1-[N-(2-methylpro 
pyl)-N-(4-methoxyphenylsulfonyl)amino] -2R-hydroXy-3 
(S)-(phenylmethyl)prop -3 -yl] -3 -(1-piperidinyl)sulfonyl-2 
(R)-methylpropionamide. HRMS calcd. for 
C3OH45N3O7S2O: calcd. 624.2777, obs. 624.2753. 

EXAMPLE 14 

OH 
N 

Preparation of 3-[N-(benZyl)-N-(diphenylmethyl) 
aminosulfonyl]-2(R)-methylpropionic acid 

Part A: methyl 3-[N-(diphenylmethyl)aminosulfonyl]-2(R) 
methylpropionate 
A 100 mL round bottom ?ask equipped With magnetic stir 
bar Was charged With 1 g aminodiphenylmethane, 2 mL 
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triethylamine in 20 mL CH2Cl2. The reaction Was cooled to 
0° C. and 1 g of methyl 3-chlorosulfonyl-2(R)-methylpro 
pionate Was sloWly added. The reaction Was stirred 1 hour 
then concentrated in Vacuo. The residue Was partioned 
betWeen ethyl acetate and Water. The organic phase Was 
Washed With brine, dried, and concentrated in Vacuo. Tritu 
ration from EtzO/hexanes gave 1.15 g of methyl 3-[N 
(diphenylmethyl)aminosulfonyl]-2(R)-methylpropionate as 
a White solid. HRMS (M+Li): calcd. 354.1351, obs 
354.1569. 

Part B: methyl 3-[N-(benZyl)-N-(diphenylmethyl)aminosul 
fonyl]-2(R)-methylpropionate 
A 100 mL round bottom ?ask equipped With magnetic stir 
bar and N2 inlet Was charged With 1.11 g of methyl 3-[N 
(diphenylmethyl)aminosulfonyl]-2(R)-methylpropionate, 
447 mg K2CO3, 347 mL benZyl bromide in 20 mL DMF. The 
reaction Was stirred overnight, concentrated in Vacuo and 
partioned betWeen ethyl acetate and Water. The organic 
phase Was Washed With brine, dried and concentrated in 
Vacuo to 1.2 g of a clear oil. Flash chromatography on silica 

gel (30% ethyl acetate/hexanes) a?‘orded 730 mg of methyl 
3-[N-(benZyl)-N-(diphenylmethyl)aminosulfonyl]-2(R) 
methylpropionate. HRMS (M+Li): calcd. 444.1821, obs 
444.1865. 

Part C: 3-[N-(benZyl)-N-(diphenylmethyl)aminosulfonyl]-2 
(R)-methylpropionic acid 

A 50 mL round bottom ?ask equipped With magnetic stir bar 
Was charged With 320 mg of methyl 3-[N-(benZyl)-N 
(diphenylmethyl)aminosulfonyl]-2(R)-methylpropionate 
and 120 mg LiOH (4 eq) in 4 mL 50% aq THF. After 5 
minutes 2 mL MeOH added to get homogeneous solution, 
after 1 hour the reaction Was partioned betWeen ethyl acetate 
and 5% aq KHSO4. The organic phase Was Washed With 
brine, dried, and concentrated in Vacuo to yield 250 mg of 
3-[N-(benZyl)-N-(diphenylmethyl)aminosulfonyl]-2(R) 
methylpropionic acid as a clear semi-solid. HRMS (M+Li): 
calcd. 430.1664, obs. 430.1698. 

EXAMPLE 15 

Preparation of N1 - [1 - [N- (2 -methylpropyl)-N-(4 
methoxyphenyl sulfonyl)amino] -2R-hydroXy-3 (S) - 
(phenylmethyl)prop -3 -yl] -3- [N- (benZyl)-N-(diphe 

nylmethyl)amino sulfonyl] -2 (R) -methylpropionamide 

A 50 mL round bottom ?ask equipped With magnetic stir bar 
Was charged With 240 mg of 3-[N-(benZyl)-N-(diphenylm 
ethyl)aminosulfonyl]-2(R)-methylpropionic acid in 4 mL 
DMF. The solution Was cooled to 00 C. and 100 mg HOBt 
folloWed by 110 mg EDC. After 30 minutes a solution of 205 
mg amine from Example 1 in 3 mL DMF Was added. After 
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20 hours at room temperature this reaction mixture Was 
partioned betWeen ethyl acetate and saturated aqueous bicar 
bonate. The organic phase Was Washed With 5% aq. citric 
acid, brine, dried and concentrated in vacuo to yield 430 mg 
of a foam. Flash chromatography on silica gel (40% ethyl 
acetate/hexanes) gave 350 mg of Nl-[1-[N-(2-methylpro 
pyl)-N-(4-methoxyphenylsulfonyl)amino] -2R-hydroxy-3 
(S)-(phenylmethyl)prop —3 -yl] —3 -[N-(benzyl)-N- (diphenyl 
methyl)aminosulfonyl]-2(R)-methylpropionamide. HRMS 
(M+Li): calcd. 818.3485, obs. 818.3550. 

EXAMPLE 16 

ll|| 
I 

O m 

f m O O 5 

Preparation of N1 -[ 1 - [N- (2 -methylpropyl)-N-(4 
methoxvphenylsulfonyl)amino] -2R-hvdroxy-3(S) 
(phenylmethyl)prop —3 -yl] —3 - [N- (benzyl)amino sulfo 

nyl] —2 (R) -methylpropionamide 

A 100 mL Fisher/Porter vessel Was charged With 340 mg of 
N1 -[ 1 - [N- (2 -methylpropyl)-N-(4 -methoxyphenylsulfonyl) 
amino]-2R-hydroxy-3(S)-(phenylmethyl)prop—3-yl]—3-[N 
(benzyl)—N-(diphenylmethyl)aminosulfonyl]-2(R)-methyl 
propionamide in 25 mL MeOH, and a catalytic amount of 
10% Pd4C. The reaction Was hydrogenated at 50 psi for 2 
hours. After ?ltration through Celite the residue Was ?ash 
chromatographed on silica gel (100% H->100% EA) to 
afford 170 mg of Nl-[l-[N-(2-methylpropyl)-N-(4—methox 
yphenylsulfonyl)amino] -2R-hydroxy-3(S)-(phenylmethyl) 
prop —3 -yl] —3 - [N-(benzyl)amino sulfonyl] —2 (R) -methylpropi 
onamide. HRMS (M+Li): calcd. 652.2703, obs. 652.2747. 

EXAMPLE 17 

o 

i H 
o N N/ 

H 

on 

Preparation of N[3(S)-benzyloxycarbonylamino-2 
(R)-hydroxy-4-phenylbutyl]—N-isoamylamine 

Part A: 
To a solution of 75.0 g (0.226 mol) of N-benzyloxycar 

bonyl-L-phenylalanine chloromethyl ketone in a mixture of 
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807 mL of methanol and 807 mL of tetrahydrofuran at —2° 
C., Was added 13.17 g (0.348 mol, 1.54 equiv.) of solid 
sodium borohydride over one hundred minutes. The solvents 
Were removed under reduced pressure at 40° C. and the 
residue dissolved in ethyl acetate (approx. 1 L). The solution 
Was Washed sequentially With 1M potassium hydrogen sul 
fate, saturated sodium bicarbonate and then saturated 
sodium chloride solutions. After drying over anhydrous 
magnesium sulfate and ?ltering, the solution Was removed 
under reduced pressure. To the resulting oil Was added 
hexane (approx. 1 L) and the mixture Warmed to 60° C. With 
sWirling. After cooling to room temperature, the solids Were 
collected and Washed With 2 L of hexane. The resulting solid 
Was recrystallized from hot ethyl acetate and hexane to 
afford 32.3 g (43% yield) of N-benzyloxycarbonyl-3(S) 
amino-1-chloro-4-phenyl-2(S)-butanol, mp 150-151° C. and 
M+Li+:340. 

Part B: 
To a solution of 6.52 g (0.116 mol, 1.2 equiv.) of potas 

sium hydroxide in 968 mL of absolute ethanol at room 
temperature, Was added 32.3 g (0.097 mol) of N-CBZ-3(S) 
amino-1-chloro-4-phenyl-2(S)-butanol. After stirring for ?f 
teen minutes, the solvent Was removed under reduced pres 
sure and the solids dissolved in methylene chloride. After 
Washing With Water, drying over magnesium sulfate; ?lter 
ing and stripping, one obtains 27.9 g of a White solid. 
Recrystallization from hot ethyl acetate and hexane afforded 
22.3 g (77% yield) of N-benzyloxycarbonyl-3(S)-amino-1, 
2(S)-epoxy-4-phenylbutane, mp 102-103° C. and MH+ 298. 

Part C: 

A solution of N-benzyloxycarbonyl 3(S)-amino-l,2-(S) 
epoxy-4-phenylbutane (1.00 g, 3.36 mmol) and isoamy 
lamine (4.90 g, 67.2 mmol, 20 equiv.) in 10 mL of isopropyl 
alcohol Was heated to re?ux for 1.5 hours. The solution Was 
cooled to room temperature, concentrated in vacuo and then 
poured into 100 mL of stirring hexane Whereupon the 
product crystallized from solution. The product Was isolated 
by ?ltration and air dried to give 1.18 g, 95% of N:[[3(S) 
phenylmethylcarbamoyl)amino-2(R)-hydroxy-4-phenylbu 
tyl]N-[(3-methylbutyl)]amine mp 108.0-109.5° C., MH+ 
m/z:371. 

EXAMPLE 18 

N 

0 

Preparation of N,N-dibenzyl-3(S)-amino-1,2(S) 
epoxy-4-phenylbutane 

Step A: 
A solution of L-pherylalanine (50.0 g, 0.302 mol), sodium 

hydroxide (24.2 g, 0.605 mol) and potassium carbonate 
(83.6 g, 0.605 mol) in Water (500 ml) Was heated to 97° C. 
Benzyl bromide (108.5 ml, 0.912 mol) Was then sloWly 
added (addition time ~25 min). The mixture Was then stirred 
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at 97° C. for 30 minutes. The solution Was cooled to room 
temperature and extracted With toluene (2x250 ml). The 
combined organic layers Were then Washed With Water, 
brine, dried over magnesium sulfate, ?ltered and concen 
trated to give an oil product. The crude product Was then 
used in the next step Without puri?cation. 

Step B: 
The crude benzylated product of the above step Was 

dissolved in toluene (750 ml) and cooled to —55° C. A 1.5 M 
solution of DlBAL-H in toluene (443.9 ml, 0.666 mol) Was 
then added at a rate to maintain the temperature betWeen 
—55° to —50° C. (addition timeil hour). The mixture Was 
stirred for 20 minutes at —55° C. The reaction Was quenched 
at —55° C. by the sloW addition of methanol (37 ml). The 
cold solution Was then poured into cold (50 C.) 1.5 N HCl 
solution (1.8 L). The precipitated solid (approx. 138 g) Was 
?ltered off and Washed With toluene. The solid material Was 
suspended in a mixture of toluene (400 ml) and Water (100 
ml). The mixture Was cooled to 5° C., treated With 2.5 N 
NaOH (186 ml) and then stirred at room temperature until 
the solid Was dissolved. The toluene layer Was separated 
from the aqueous phase and Washed With Water and brine, 
dried over magnesium sulfate, ?ltered and concentrated to a 
volume of 75 ml (89 g). Ethyl acetate (25 ml) and hexane (25 
ml) Were then added to the residue upon Which the alcohol 
product began to crystallize. After 30 min., an additional 50 
ml hexane Was added to promote further crystallization. The 
solid Was ?ltered off and Washed With 50 ml hexane to give 
approximately 35 g of material. A second crop of material 
could be isolated by re?ltering the mother liquor. The solids 
Were combined and recrystallized from ethyl acetate (20 ml) 
and hexane (30 ml) to give, in 2 crops, approximately 40 g 
(40% from L-phenylalanine) of analytically pure alcohol 
product. The mother liquors Were combined and concen 
trated (34 g). The residue Was treated With ethyl acetate and 
hexane Which provided an additional 7 g (~7% yield) of 
slightly impure solid product. Further optimization in the 
recovery from the mother liquor is probable. 

Alternatively, the alcohol Was prepared from L-phenylalani 
nol. L-phenylalaninol (176.6 g, 1.168 mol) Was added to a 
stirred solution of potassium carbonate (484.6 g, 3.506 mol) 
in 710 mL of Water. The mixture Was heated to 65° C. under 
a nitrogen atmosphere. A solution of benzyl bromide (400 g, 
2.339 mol) in 3A ethanol (305 mL) Was added at a rate that 
maintained the temperature betWeen 60-68° C. The biphasic 
solution Was stirred at 65° C. for 55 min and then alloWed 
to cool to 10° C. With vigorous stirring. The oily product 
solidi?ed into small granules. The product Was diluted With 
2.0 L of tap Water and stirred for 5 minutes to dissolve the 
inorganic by products. The product Was isolated by ?ltration 
under reduced pressure and Washed With Water until the pH 
is 7. The crude product obtained Was air dried overnite to 
give a semi-dry solid (407 g) Which Was recrystallized from 
1.1 L of ethyl acetate/heptane (1 :10 by volume). The product 
Was isolated by ?ltration (at —8° C. ), Washed With 1.6 L of 
cold (—10° C.) ethyl acetate/heptane (1:10 by volume) and 
air-dried to give 339 g (88% yield) of [3S-2-[Bis(phenylm 
ethyl)amino]benzene-propanol, mp 71 .5-73.0° C. More 
product can be obtained from the mother liquor if necessary. 
The other analytical characterization Was identical to com 
pound prepared as described above. 

Step C: 
A solution of oxalyl chloride (8.4 ml, 0.096 mol) in 

dichloromethane (240 ml) Was cooled to —74° C. A solution 
of DMSO (12.0 ml, 0.155 mol) in dichloromethane (50 ml) 
Was then sloWly added at a rate to maintain the temperature 
at —74° C. (addition time —1.25 hr). The mixture Was stirred 
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for 5 min. folloWed by addition of a solution of the alcohol 
(0.074 mol) in 100 ml of dichloromethane (addition time 
—20 min., temp. —75° C. to —68° C.). The solution Was 
stirred at —78° C. for 35 minutes. Triethylamine (41.2 ml, 
0.295 mol) Was then added over 10 min. (temp. —78° to —68° 
C.) upon Which the ammonium salt precipitated. The cold 
mixture Was stirred for 30 min. and then Water (225 ml) Was 
added. The dichloromethane layer Was separated from the 
aqueous phase and Washed With Water, brine, dried over 
magnesium sulfate, ?ltered and concentrated. The residue 
Was diluted With ethyl acetate and hexane and then ?ltered 
to further remove the ammonium salt. The ?ltrate Was 
concentrated to give the desired aldehyde product. The 
aldehyde Was carried on to the next step Without puri?cation. 

Temperatures higher than —70° C. have been reported in 
the literature for the SWern oxidation. Other SWem modi 
?cations and alternatives to the SWem oxidations are also 
possible. 

Alternatively, the aldehyde Was prepared as folloWs. (200 
g, 0.604 mol) Was dissolved in triethylamine (300 mL, 2.15 
mol). The mixture Was cooled to 12° C. and a solution of 
sulfur trioxide/pyridine complex (380 g, 2.39 mol) in DMSO 
(1.6 L) Was added at a rate to maintain the temperature 
betWeen 8-17° C. (addition timei1.0 h). The solution Was 
stirred at ambient temperature under a nitrogen atmosphere 
for 1 .5 hour at Which time the reaction Was complete by TLC 
analysis (33% ethyl acetate/hexane, silica gel). The reaction 
mixture Was cooled With ice Water and quenced With 1.6 L 
of cold Water (10-15° C.) over 45 minutes. The resultant 
solution Was extracted With ethyl acetate (2.0 L), Washed 
With 5% citric acid (2.0 L), and brine (2.2 L), dried over 
MgSO4 (280 g) and ?ltered. The solvent Was removed on a 
rotary evaporator at 35-40° C. and then dried under vaccuum 
to give 198.8 g of otS-[Bis-(phenylmethyl)amino]-ben 
zenepropanaldehyde as a pale yelloW oil (99.9%). The crude 
product obtained Was pure enough to be used directly in the 
next step Without puri?cation. The analytical data of the 
compound Were consistent With the published literature. 
[0t]D25:—92.9° (c 1.87, CH2Cl2); 
1H NMR (400 MHz, CDCl3) 6, 2.94 and 3.15 (ABX 

System, 2H, JAB:13.9 Hz, JAX:7.3 Hz and JBX:6.2 Hz), 3.56 
(t, 1H, 7.1 Hz), 3.69 and 3.82 (AB-System, 4H, JAB:13.7 
Hz), 7.25 (m, 15 H) and 9.72 (S, 1H); HRMS calcd for 
(M+1) C23H24NO 330.450, found: 330.1836. Anal. Calcd. 
for C23H23ON: C, 83.86; H, 7.04; N, 4.25. Found: C, 83.64; 
H, 7.42; N, 4.19. HPLC on chiral stationary phase: (S,S) 
Pirkle-Whelk-O 1 column (250><4.6 mm ID), mobile phase: 
hexane/isopropanol (99.5:0.5, v/v), ?oW-rate: 1.5 ml/min, 
detection With UV detector at 210 nm. Retention time of the 
desired S-isomer: 8.75 min., retention time of the R-enana 
tiomer 10.62 min. 

Step D: 
A solution of otS-[Bis(phenylmethyl)amino]benzene-pro 

panaldehyde (191.7 g, 0.58 mol) and chloroiodomethane 
(56.4 mL, 0.77 mol) in tetrahydrofuran (1.8 L) Was cooled 
to —30 to —35° C. (colder temperature such as —70° C. also 
Worked Well but Warmer temperatures are more readily 
achieved in large scale operations) in a stainless steel reactor 
under a nitrogen atmosphere. A solution of n-butyllithium in 
hexane (1.6 M, 365 mL, 0.58 mol) Was then added at a rate 
that maintained the temperature beloW —25° C. After addi 
tion the mixture Was stirred at —30 to —35° C. for 10 minutes. 
More additions of reagents Were carried out in the folloWing 
manner: (1) additional chloroiodomethane (17 mL) Was 
added, folloWed by n-butyllithium (110 mL) at <—25° C. 
After addition the mixture Was stirred at —30 to —35° C. for 
10 minutes. This Was repeated once. (2) Additional chlor 
oiodomethane (8.5 mL, 0.11 mol) Was added, folloWed by 
n-butyllithium (55 mL, 0.088 mol) at <—25° C. After addi 
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tion, the mixture Was stirred at —30 to —35° C. for 10 
minutes. This Was repeated 5 times. (3) Additional chlor 
oiodomethane (8.5 mL, 0.11 mol) Was added, followed by 
n-butyllithium (37 mL, 0.059 mol) at <—25° C. After addi 
tion, the mixture Was stirred at —30 to —35° C. for 10 
minutes. This Was repeated once. The external cooling Was 
stopped and the mixture Warmed to ambient temp. over 4 to 
16 hours When TLC (silica gel, 20% ethyl acetate/hexane) 
indicated that the reaction Was completed. The reaction 
mixture Was cooled to 10° C. and quenched With 1452 g of 
16% ammonium chloride solution (prepared by dissolving 
232 g of ammonium chloride in 1220 mL of Water), keeping 
the temperature beloW 23° C. The mixture Was stirred for 10 
minutes and the organic and aqueous layers Were separated. 
The aqueous phase Was extracted With ethyl acetate (2><500 
mL). The ethyl acetate layer Was combined With the tetrahy 
drofuran layer. The combined solution Was dried over mag 
nesium sulfate (220 g), ?ltered and concentrated on a rotary 
evaporator at 65° C. The broWn oil residue Was dried at 70° 
C. in vacuo (0.8 bar) for 1 h to give 222.8 g of crude 
material. (The crude product Weight Was >100%. Due to the 
relative instability of the product on silica gel, the crude 
product is usually used directly in the next step Without 
puri?cation). The diastereomeric ratio of the crude mixture 
Was determined by proton NMR: (2S)/ (2R): 86: 14. The 
minor and major epoxide diastereomers Were characterized 
in this mixture by tlc analysis (silica gel, 10% ethyl acetate/ 
hexane), Rf:0.29 & 0.32, respectively. An analytical sample 
of each of the diastereomers Was obtained by puri?cation on 
silica-gel chromatography (3% ethyl acetate/hexane) and 
characterized as folloWs: 

N,N,otS-Tris(phenylmethyl)-2S-oxiranemethanamine 
1H NMR (400 MHZ, CDCl3) 6 2.49 and 2.51 (AB 

System, 1H, JAB:2.82), 2.76 and 2.77 (AB-System, 1H, 
JAB:4.03), 2.83 (m, 2H), 2.99 & 3.03 (AB-System, 1H, 
JAB:10.1 HZ), 3.15 (m, 1H), 3.73 & 3.84 (AB-System, 4H, 
JAB:14.00), 7.21 (m, 15H); 13C NMR (400 MHZ, CDCl3) 6 
139.55, 129.45, 128.42, 128.14, 128.09, 126.84, 125.97, 
60.32, 54.23, 52.13, 45.99, 33.76; HRMS calcd for 
C24H26NO (M+1) 344.477, found 344.2003. 

N,N,otS-Tris(phenylmethyl)—2R-oxiranemethanamine 

1H NMR (300 MHZ, CDCl3) 6 2.20 (m, 1H), 2.59 (m, 1H), 
2.75 (m, 2H), 2.97 (m, 1H), 3.14 (m, 1H), 3.85 (AB-System, 
4H), 7.25 (m, 15H) HPLC on chiral stationary phase: 
Pirkle-Whelk-O 1 column (250><4.6 mm ID), mobile phase: 
hexane/isopropanol (99.5:0.5, v/v), ?oW-rate: 1.5 ml/min, 
detection With UV detector at 210 nm. Retention time of (8): 
9.38 min., retention time of enanatiomer of (4): 13.75 min. 

Alternatively, a solution of the crude aldehyde 0.074 mol 
and chloroiodomethane (7.0 ml, 0.096 mol) in tetrahydro 
furan (285 ml) Was cooled to —78° C., under a nitrogen 
atmosphere. A 1.6 M solution of n-butyllithium in hexane 
(25 ml, 0.040 mol) Was then added at a rate to maintain the 
temperature at —75° C. (addition timei15 min.). After the 
?rst addition, additional chloroiodomethane (1.6 ml, 0.022 
mol) Was added again, folloWed by n-butyllithium (23 ml, 
0.037 mol), keeping the temperature at —75° C. The mixture 
Was stirred for 15 min. Each of the reagents, chlor 
oiodomethane (0.70 ml, 0.010 mol) and n-butyllithium (5 
ml, 0.008 mol) Were added 4 more times over 45 min. at 
—75° C. The cooling bath Was then removed and the solution 
Warmed to 22° C. over 1.5 hr. The mixture Was poured into 
300 ml of saturated aq. ammonium chloride solution. The 
tetrahydrofuran layer Was separated. The aqueous phase Was 
extracted With ethyl acetate (1x300 ml). The combined 
organic layers Were Washed With brine, dried over magne 
sium sulfate, ?ltered and concentrated to give a broWn oil 
(27.4 g). The product could be used in the next step Without 
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puri?cation. The desired diastereomer can be puri?ed by 
recrystalliZation at a subsequent step. The product could also 
be puri?ed by chromatography. 

Alternatively, a solution of otS-[Bis(phenylmethyl)amino] 
benZene-propanaldehyde (178.84 g, 0.54 mol) and bromo 
chloromethane (46 mL, 0.71 mol) in tetrahydrofuran (1.8 L) 
Was cooled to —30 to —35° C. (colder temperature such as 
—70° C. also Worked Well but Warmer temperatures are more 
readily achieved in large scale operations) in a stainless steel 
reactor under a nitrogen atmosphere. A solution of n-butyl 
lithium in hexane (1.6 M, 340 mL, 0.54 mol) Was then added 
at a rate that maintained the temperature beloW —25° C. After 
addition the mixture Was stirred at —30 to —35° C. for 10 
minutes. More additions of reagents Were carried out in the 
folloWing manner: (1) additional bromochloromethane (14 
mL) Was added, folloWed by n-butyllithium (102 mL) at 
<—25° C. After addition the mixture Was stirred at —30 to 
—35° C. for 10 minutes. This Was repeated once. (2) Addi 
tional bromochloromethane (7 mL, 0.11 mol) Was added, 
folloWed by n-butyllithium (51 mL, 0.082 mol) at <—25° C. 
After addition the mixture Was stirred at —30 to —35° C. for 
10 minutes. This-Was repeated 5 times. (3) Additional bro 
mochloromethane (7 mL, 0.11 mol) Was added, folloWed by 
n-butyllithium (51 mL, 0.082 mol) at <—25° C. After addi 
tion the mixture Was stirred at —30 to —35° C. for 10 minutes. 
This Was repeated once. The external cooling Was stopped 
and the mixture Warmed to ambient temp. over 4 to 16 hours 
When TLC (silica gel, 20% ethyl acetate/hexane) indicated 
that the reaction Was completed. The reaction mixture Was 
cooled to 10° C. and quenched With 1452 g of 16% ammo 
nium chloride solution (prepared by dissolving 232 g of 
ammonium chloride in 1220 mL of Water), keeping the 
temperature beloW 23° C. The mixture Was stirred for 10 
minutes and the organic and aqueous layers Were separated. 
The aqueous phase Was extracted With ethyl acetate (2x500 
mL). The ethyl acetate layer Was combined With the tetrahy 
drofuran layer. The combined solution Was dried over mag 
nesium sulfate (220 g), ?ltered and concentrated on a rotary 
evaporator at 65° C. The broWn oil residue Was dried at 70° 
C. in vacuo (0.8 bar) for 1 h to give 222.8 g of crude 
material. 

EXAMPLE 1 9 

O O J< DAN NAG 
H 

OH 

Preparation of N-[[3S-(phenylmethvlcarbamoyl) 
amino] —2R-hydroxy-4 -phenyl] -1 -[(2 -methylpropyl) 
amino —2-(1 ,1 -dimethylethoxyl)carbonyl]butane 

To a solution of 7.51 g (20.3 mmol) of N-[[3S-(phenyl 
methylcarbamoyl)amino]—2R-hydroxy-4-phenylbutyl]—N 
(2-methylpropyl)]amine in 67 mL of anhydrous tetrahydro 
furan Was added 2.25 g (22.3 mmol) of triethylamine. After 
cooling to 0° C., 4.4 g (20.3 mmol) of di-tert-butyldicar 
bonate Was added and stirring continued at room tempera 
ture for 21 hours. The volatiles Were removed in vacuo, ethyl 
acetate added, then Washed With 5% citric acid, saturated 
sodium bicarbonate, brine, dried over magnesium sulfate, 






























































